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ABSTRACT 
“A Study ofPlanter Greenery and Planter Soils in Hong Kong" 
Thesis submitted by CHAN, Wai-yi 
for the degree of Master of Philosophy 
at the Chinese University ofHong Kong in July, 1997 
The present study investigated planter greenery and planter soils in Central 
District, Kwun Tong and Wo Che, representing the commercial, industrial and 
residential areas of Hong Kong. They differ in development history and management 
intensity. An inventory survey of the greenery was conducted, including species 
• composition, growth performance and associated growth problems. The soils were 
analysed for texture, pH, organic matter (SOM), total nitrogen (TKN), total and 
available phosphorus, and exchangeable K, Na, Ca and Mg. Seasonal fluxes of 
nitrogen and phosphorus were monitored by the field incubation technique. 
Trees, shrubs and ground cover were found in the planters. Altogether, 23 tree 
species representing 12 families were recorded, the majority of which were exotics and 
broadleaves. Planters in Central District contained more trees and higher species 
diversity than Kwun Tong and Wo Che. Overall, trees were small to medium sized and 
in good growing conditions. Growth problems varied with sites, species and location 
of the planters. 
The planter soils were slightly acidic to alkaline in reaction, contained adequate 
P and Ca, but deficient in SOM, TKN, mineral nitrogen, K and Mg. While 
i 
ammonification predominated over nitrification in the soils, mineral N constituted less 
than 1% ofthe total N pool. N and P mineralization proceeded favourably in the soils 
and was enhanced by fertilizers. Immobilization o f N and P was active but site-specific. 
A net loss of nitrogen and phosphorus during the 56-day incubation period was 
detected for both Wo Che and Kwun Tong. The properties of soils varied considerably 
with sites, planters and profile layers. The implication of this on quality management 
was discussed. 
The effect of management intensity on the planter greenery and soil nutrient-
supplying capacity was discussed. An evaluation of the existing management 
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1.1 Urban environment and urban trees in Hong Kong 
Hong Kong has a total land area of 1,095 km^ of which about 12% is 
urbanized and 50% hilly. Nearly 75% of the population is concentrated in the urban 
areas of Hong Kong Island, Kowloon and New Kowloon. In recent years, there is a 
• trend of decentralization into new towns in the New Territories. However, population 
density remains high in the urban areas, with an average of 40,000 (maximum over 
140,000) persons km"^ 
The urban areas ofHong Kong are characterized by dense packing ofhigh-rise 
buildings and narrow roads. Parallel to this, we have a diverse tree resource including 
street trees, trees in public parks, gardens and local open spaces, trees in building 
compounds and private gardens, and trees on artificial and remnant natural slopes at 
the fringe of urban areas (Jim, 1986a). Owing to the shortage of land, urban areas 
possess few open and green space. Urban trees are either sacrificed to meet the 
pressing needs of population growth or removed in the landuse conflict with 
infrastructure development. 
Greening our environment is now an important issue in Hong Kong, there have 
been campaigns of tree planting and maintenance in the urban areas. Slogans such as 
"Continuing emphasis on greenery to beautify urban areas" and "Promoting public 
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appreciation of landscape" were found in official publications (Urban Council Annual 
Report 1986 and 1987). This clearly reflects the growing importance of our urban 
greenery\ However, there are no direct and quantitative planning tools in the Hong 
Kong Planning Standards and Guidelines (HKPSG) dealing with green space planning 
(Au 1995). It is only mentioned in the HKPSG that "amenity area" should normally be 
landscaped (i.e. planted). The present standard of 2:1 active^ to passive^ space ratio 
(Planning Department 1993) has been in use since 1975 (Au 1995). It is outdated and 
does not meet urban residents' ever-increasing demand for green space. Therefore, the 
resulting urban landscape lacks green space or urban trees. The high-density 
commercial and industrial areas have dense morphology, with a low tree cover of0.5 
to 4% (Jim 1989b). The public housing estates have a medium tree cover of 10 to 15% 
while the low and medium density residential areas record a tree cover greater than 
30% (Jim 1987c). Overall, tree covers in urban areas are scanty and their distribution is 
very uneven among different types oflanduse. 
Most urban areas in Hong Kong can be described as concrete-jungle. Urban 
trees exist mainly in artificial or semi-natural habitats. The surroundings or habitats of 
urban trees, both above and below ground, are stressful. Most buildings are close to 
roads. Therefore, few roadsides have adequate room to accommodate trees, leading to 
unnaturally narrow and tall tree crowns. Besides, root development of urban trees is 
always hindered by underground utilities such as power line，water and gas pipes. 
1 Urban greenery refers to individual and tree communities or ecosystems in and around urban areas 
QAiWeT 1988). 
2 Active recreation space (facilities) refers to areas providing games facilities such as swimming, 
tennis, squash, badminton, football and basketball etc. (Planning Department 1993). 
3 Passive recreation space (facilities) refers to areas not providing games facilities but where people 
can enjoy the surroundings in a leisurely manner (Planning Department 1993). 
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Keeping trees in planters can partly solve this problem. Planters are elevated planting 
beds in which vegetation shares the same soil volume and produces a greater visual 
impact than roadside trees (Plate 1.1). They are constructed of masonry, concrete or 
timber. Accommodating 2.2% of the street tree population in the main urban areas 
(Jim 1992a), they can provide greenery in areas not suitable for ground-planting or 
where planting space is limited. In recent years planters are widely used (Jim 1986b)， 
let alone in the central business district where land cost is high (Miller 1988). In spite 
ofan increasing awareness of the importance of urban greenery, few research has been 
conducted on the growth medium of urban trees (Bullock and Gregory 1991)， 
especially on properties of planter soils. Planters provide a unique semi-confined 
habitat for plant growth, in which the soil is held in place by artificial materials 
(Baxendale 1992). While planter soils may have the same origin as other urban soils 
• supporting street trees, their capacity to sustain plant growth may be different. 
Information accumulated on planter soils will be pertinent in understanding and 
formulating management strategies for this valuable asset in a congested urban 
environment (Clark and Kjelgren 1990). 
1.2 Conceptual framework of the study 
Urban trees have numerous uses and functions which can be obvious and 
obscure, including beautification, shade, wildlife habitat, erosion control, air 
purification and noise reduction (Ilizumi 1983; Miller 1988). They play an important 
role in providing a better living environment for urban residents. 
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Plate 1.1 Different types of planters found in Hong Kong. 
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Although urban trees can enhance the living environment, they are often 
constrained by the lack of growth space (Bradshaw 1981; Jim 1987d). Few roadsides 
have adequate room to accommodate trees while existing habitats are mainly gravely 
cramped and stressed by constraints above- and below-ground. Notable examples 
include the occurrence ofbuilding canopies or awnings as well as underground utilities. 
These stresses not only impose physical damage on existing trees, but also limit the 
number of potential sites for growth of urban trees. Will urban trees differ in response 
to these constraints and if so, what are the hardy species? Are there any spatial 
variations in growth performance of trees in relation to landuse and town planning 
strategies? Typhoons, insects, diseases and vandalism are common problems affecting 
growth ofurban trees (Webb 1991). What is the extent of damage caused by each of 
these factors in Hong Kong? What should be done to avoid or minimize damages 
caused by these problems? While incorporating urban greenery space at the early stage 
of town planning will prevent future problems from happening, what can be done to 
improve the quality of existing trees? 
Roadside trees growing in a confined environment are gravely cramped. What 
can be done to optimize the value of urban trees? Keeping trees in planters may be an 
option to solve the problem of space shortage. They enable trees to grow in areas that 
are not suitable to pavement planting and protect trees from disturbances caused by 
underground services. Moreover, planters can be replaced and moved for street repairs 
easily and hence urban greenery would be moved, instead of decimated in the landuse 
conflict with economic activities. Also, they can make a significant contribution to the 
urban ‘green' (Webb 1991). More importantly, planting trees in planters can reduce the 
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risk of vandalism. Raised planting sites or planting trees in groups in shrub beds can 
protect trees from vandals. In fact, the use of planters is becoming popular, especially 
in the central business district of cities where suitable planting sites are few. Despite 
the significance, planters constitute only 2.2% of the street tree population in the main 
urban areas ofHong Kong. Why is this the case? Do we have sufficient inputs geared 
towards the management of planter greenery that is different from ordinary street 
trees? 
The disadvantages of planters should not be overlooked. Trees in planters have 
• a shorter lifespan than free-grown ones. In addition, trees with larger sizes may not be 
suitable to grow in planters or may need guying to prevent uprooting. Trees with low 
to medium heights and good proportion of crown width to height (better than 1:1) are 
the best specimens for planter planting (Craul 1992). What species are best adapt to 
this confined environment in Hong Kong? 
Urban areas have higher temperature and greater cloud cover than the 
countryside, leading to a higher transpiration rate of the trees. Thus, water stress is 
another environmental constraint to urban tree growth, in particular to planter , 
greenery. The confined and limited growing medium not only limits water reservoir for 
root uptake, but also limits nutrient supply to the plants. Therefore, the cost of using 
planters would be expensive as they do require considerably more maintenance in 
regard to irrigation and drainage system (Miller 1988). Trees in planters require weekly 
watering and scheduled fertilization whereas the application frequency for ordinary 
street trees is much less. With a subtropical climate, Hong Kong has a distinct hot 
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humid summer and a cool dry winter. Do planters really require more inputs than 
• ordinary street trees? Do we have the necessary back up to ensure sufficient water 
supply, during the dry season? This could range from correct soil amendment with 
organic matter to the provision of drip irrigation. 
Trees in planters are also subjected to limited soil, excessive drying and 
wetting, winter root injury, nutrient deficiencies, scorch, and stress-related problems 
(Miller 1988). These problems, although severe, can be overcome to some extent 
through proper planter design and managen^.ent. The planters in Hong Kong vary 
considerably in design, dimensions and construction materials. How will this affect 
performance of the greenery? Are there seasonal variations in water and nutrient 
supply under the confined environment and to what extent will these variations affect 
performance of the plants? 
Much have been said about the pros and cons of planters. What can be done to 
optimize the use of planters in urban landscaping? Most of the environmental factors 
affecting urban tree growth such as temperature, light, air pollutants, restricted rooting 
space and confined soil volume cannot be controlled or modified easily. However, the , 
soils can be amended to meet the requirements of plants before planting. While soil 
amendment can enhance the survival rate and quality of trees, the recipe must be soil-
.specific. Unfortunately the specifications pertaining to soil amendment in the local 
tender are crude and stereotyped, without adequate consideration of variations 
between soil types and soil conditioners. Overseas studies also confirm the diversity of 
urban soils but do not provide a soil amendment recipe that is applicable to the 
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appropriate circumstances. In short information on urban soil is scanty, let alone on 
planter soils. 
Urban soil in general refers to a soil material having a man-made surface layer 
of more than 50 cm thick and produced by mixing, filling or by contamination of land 
surfaces in urban and suburban areas (Craul 1992). Decomposed granite^ is often used 
in urban planting in Hong Kong, although there is no acceptable uniform classification. 
Nurserymen, landscape contractors, and landscape architects often call for topsoil in 
specifications without further definition (Craul 1992). 
In Hong Kong, much of the existing surface soil has been derived from the 
decomposed granite rock base (Webb 1991). Indeed, one-third of the territory is 
underlain by granite. The granitic soil in Hong Kong is generally deficient in nitrogen, 
phosphorus, exchangeable cations and organic matter contents (Fung 1995). Where 
granitic soil is used in landscape planting, organic matter and fertilizer are added. 
Besides, one of the proposed composition of planter soil should be made up of 60% by 
volume ofsandy loam, 20% perlite and 20% organic compost (Webb 1991). It is a rule 
of the thumb that the topsoil should contain no less than 7.5% organic matter and , 
0.1% nitrogen (Unpublished tender document 1993). While the decomposed granite is 
heterogeneous in origin and properties, shall we just rely on one recipe for its 
amendment? What are the inherent physical and chemical properties of decomposed 
granite commonly used in urban planting? Are these properties optimal for plant 
4 Hong Kong has a booming construction industry. Topsoils removed from slopes are stockpiled either 
for landfilling or landscape planting purposes. Decomposed granite is a loose term used by the 
landscape trade because sometimes it is mixed with materials derived from other voicanic and 
sedimentary rocks. 
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growth? Will they change with seasons or time in much the same way as ordinary 
urban soils, bearing in mind that Hong Kong has a distinct cool dry winter? Will they 
exhibit different properties under different management scenarios? These questions are 
pertinent to preparation of the tender specifications and to management of urban soils, 
including planter soils. 
Urban soils consist of topsoils from different origins and lack profile 
differentiation, resulting in a great variation of texture. Kelsey and Hootman (1990) 
found that the soil texture for a group of sidewalk street tree planters ranges from clay 
loam to sandy loam. It is therefore difficult to have standard management practices for 
these heterogeneous materials (Bullock and Gregory 1991). Are the urban and planter 
soils in Hong Kong heterogeneous in composition? While ordinary street soils are 
easily compacted by foot and light wheel traffic (Craul 1992), are the confined planter 
soils unaffected at all? If compaction does occur in the planter soil, what are the causes 
and to what extent will the infiltration capacity and void ratio be affected? Is there a 
difference in physical properties between planter soil and open soil? 
Regarding the chemical properties, Craul (1992) found that urban soils had 乂 
higher soil reaction (pH) values than natural and agricultural soils. Sometimes the pH 
of planter soil is alkaline, ranging 7.3-9.9 (Kelsey and Hootman 1990). What is the pH 
range of planter soils in Hong Kong? Will it vary with landuse and other environmental 
attributes or be different from ordinary street soils? Likewise, the capacity of planter 
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soil to sustain plant growth varies with anthropogenic inputs. Where the soil conditions 
are suboptimal, there are few references on remedy of the established soils. 
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The organic matter cycling of urban soil is interrupted because litters falling on 
concrete pavements are removed by staff responsible for street cleaning. The amount 
of organic matter is too small to accumulate when the crown is larger than the size of 
the planters. As organic matter input is reduced, will mineralization and the 
bioavailability of mineral nutrients be affected and if yes, by what magnitude? 
In the temperate region, the levels of potassium, magnesium and sodium are 
higher in urban soils than in ordinary scils while the base saturation is dominated by 
calcium (Craul 1992). Hong Kong experiences a typical monsoon climate, with an 
average annual precipitation of 2,224.7 mm (Royal Observatory 1996). Will these 
bases in the urban soils be leached away easily, resulting in soil acidification and 
reduced base saturation? As a corollary, are planter soils better protected against 
leaching than ordinary street soils? If this is the case, do planter soils require less 
management? 
The most distinguishing characteristic of urban soil is the presence of 
anthropogenic materials and contaminants. These materials include concrete, wood, 
glass, plastic and organic garbage，which would block infiltration and disrupt water 
equilibrium of the soil. Besides, these materials may contain toxic substances harmful 
to soil microbial activities and plant growth (Craul 1992). While planters are 
strategically located and elevated above street level, are they immune to these human 
impacts? 
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Overall, urban soil is different from natural soil. Planter soil represents only one 
type ofurban soil, the origin of which can be similar. However, owing to differences in 
location, configuration, human impact and management inputs, the established planter 
soil can be different in properties from ordinary urban soils. Information about urban 
soils in Hong Kong is lacking except the study on park soils (Lai 1994) and heavy 
metal contamination (Lau and Wong 1982). The study of planter vegetation and 
planter soil is virtually neglected in the literature despite the great potential of this 
resource. 
Recognizing a knowledge gap in this field, the present study investigated 
planter greenery and the associated soils in Hong Kong (Figure 1.1). Owing to the 
constraints of time and manpower, not all the questions raised above are addressed in 
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Figure 1.1 Conceptual framework of the study. 
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1.3 Objectives of the study 
As aforesaid, there are virtually no studies on planter greenery and planter soils 
in Hong Kong. With a growing importance of planters in urban landscape planting, we 
need to know about the characteristics of the planter environment and its effect on the 
greenery, with special emphasis on the nutrient-supplying capacity of the soils. The 
specific objectives are threefold: 
1) To investigate the species composition, growth performance and growth 
problems of planter greenery; 
2) To examine selected properties of planter soils; and 
3) To investigate the fluxes of nitrogen and phosphorus in planter soils. 
Three sites were chosen for the present study, representing the commercial, 
industrial and residential areas. They are typical landuse areas in Hong Kong, each with 
its own development history and intensity of management. A comparative approach is 
adopted in the study, in an attempt to differentiate growth performance and soil 
nutrient-supplying capacity between sites. It is hoped that measures to optimize the 
functional values of planter greenery can be identified. Planter, planter box and planter 
bed are used interchangeably in the thesis. / 
1.4 Scope and significance of the study 
Three sites were chosen for the present study, namely the Central District, 
Kwun Tong and Wo Che Estate (Shatin), representing the commercial, industrial and 
residential areas, respectively, ofHong Kong. 
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The soils of the study sites are believed to have derived from different sources 
and planting records were not available. The present study began with an inventory 
survey pf the planter greenery and planter soils in the three districts. While the study 
sites are managed by different authorities, the different management intensity is 
• expected to have different impacts on the soils and hence the performance of the 
greenery. In all, the study aimed at identifying some properties and problems common 
to planter greenery and planter soils in Hong Kong and to relate such to management 
inputs and design objectives of the planters. No attempt was made to follow the 
change of soil properties with time using a time-zero approach (Fisher 1995). Instead, 
a retrospective approach was adopted primarily due to the specific objectives and time 
constraints of the study. Because planting records are absent, two assumptions are 
made in this study. First, the planters were filled with granitic materials, as in ordinary 
landscape planting. This can be substantiated in textural analysis of the soil. Second, 
the planter soils were amended to comply with what had been laid down in the tender 
specifications before planting. 
In Hong Kong, although attention is paid to soil testing before planting, the 
need to maintain a balance of nutrient supply in planter soil, as in other urban soils, is 
neglected. To optimize the growth of planter greenery, a vigorous maintenance 
programme is required. This involves primarily a better understanding of the basic 
properties of the planter soils and how they change with seasons. With this knowledge 
a sound management programme involving irrigation, fertilization, cultivation and 
plant protection can be derived. Furthermore, an accumulation of knowledge in this 
• field is crucial to the selection of species best suited to a confined environment and to 
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an extended use ofplanters in a congested urban environment. Improving the quality of 
urban trees is as important as increasing the quantity. High quality urban trees provides 
a lively, refreshing image and large quantity of urban trees provides a greener 
environment. A thorough understanding of planter soils would help meeting these two 
ends. 
1.5 Organization of the thesis 
The thesis consists of six chapters. Chapter 1 is the introduction which reviews 
the growth problems of urban greenery and outlines the conceptual framework of the 
study. Chapter 2 contains a detailed description of the study area and a survey of 
management inputs between sites. An inventory survey of the planter greenery is made 
in Chapter 3. It includes information of species composition, growth performance and 
associated growth problems. Chapter 4 carries a comprehensive survey of the 
properties of planter soils while Chapter 5 deals with the fluxes of nitrogen and 
phosphorus in the soils. Leaching loss and uptake of these two elements by plants were 
evaluated. Chapter 6 summarizes the major findings, followed by a discussion of the 





The interplay between land use and topography determines the availability of 
tree habitats, while the growth of urban trees depends on the natural environment and 
human management regimes. Land use is thus an overriding determinant of urban tree 
characteristics, including distribution, coverage, canopy configuration and composition 
(Jim 1989a). Three study areas, namely Central District, Kwun Tong and Wo Che, 
were chosen for the present study. These areas represent the major land use types in 
Hong Kong and are managed by different government authorities, each with its own 
organization structure, performance and budget. 
Central District is a Commercial Business District (CBD) ofHong Kong, with 
a total area of 125 hectares. It is located at the neighbourhood ofVictoria Harbour, the 
centre of Hong Kong (Figure 2.1). It is characterized by modern and high-rise 
‘commercial buildings, typical of renowned CBDs in the World (Plate 2.1a). Open 
space (including gardens, rest gardens, parks and playgrounds, sports grounds etc.) 
constitutes an area of 20.7 hectares (USD unpublished data 1996). Vegetation is 
concentrated on the artificial and remnant natural slopes, mainly situated at the fringe 
of the CBD (Jim 1986a). Scattered greenery can be found in the sitting-out areas, 
parks and gardens. Pedestrian and traffic flow is concentrated at daytime. Rest gardens 






















































































































































































































































































































To maximize the planting of urban greenery, planter boxes of varying sizes and shapes 
are commonly used. 
Kwun Tong is located at the eastern part of the Kowloon Peninsula (Figure 
2.1)，with a population of569,458 in 1995 (USD unpublished data 1996). It is one of 
the developed districts where industrial and residential land use areas are situated 
adjacent to each other. The northeastern part of Kwun Tong is the residential area, 
consisting of 17 public housing estates and some private housing. The industrial area is 
situated at the southeastern part of Kwun Tong, along the coast line. In the present 
study, the samples were taken from this industrial sub-region (Plate 2.1b). The 
industrial activities mainly belong to light manufacturing including textile and clothing, 
motor repairing, toy making etc. Because of old development and urban renewal, the 
landscaped areas were established during the period of 1962-94. The present day 
greenery is scattered in the sitting-out areas by the roadside and sandwiched by 
industrial buildings. Like Central District, the visitors flow have a marked congregation 
in the daytime. 
Wo Che is a public housing estate located in Shatin, New Territories of Hong 
Kong (Figure 2.1). As 45% of the Hong Kong population lives in public housing 
estates, Wo Che Estate was chosen to represent the residential land use type (Plate 
2.1c). Developed in 1977-80’ Wo Che Estate occupied an area of 14.7 hectares and 
consisted of 12 high-rise blocks. In 1993 the total population was 27,053 and density 
was equivalent to 1,840 persons per hectare. The greenery is also scattered in the 
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Plate 2.2 The three study sites. 
18 
sitting-out areas and small parks next to buildings and near the fringe of the estate. 
Pedestrian flow does not have a marked congregation in the daytime. 
2.2 Climate 
Hong Kong lies in the sub-tropical region of Asia (22°15'N; 114°10’E). Under 
the influence of monsoon, Hong Kong experiences a variety of weather unusual for 
tropical countries and is characterized by well-marked seasonal changes (Chin 1986). 
Hong Kong has a distinct hot humid summer and a cool dry winter. The mean air 
temperature varies within a wide range of some 13°C, from 15.6°C in January to 
28.6°C in July. More than 80% ofthe annual rainfall occurs during the summer months 
from May to September inclusive (Chin 1986). The mean annual rainfall is 2,224.7 mm 
and the mean annual temperature is 22°C. 
The field work was carried out in the period of April-December, 1996. In 1996, 
an annual rainfall of 2,249.1 mm was recorded (Figure 2.2). It concentrated in April-
September and peaked in September (604 mm). The mean monthly temperature was 
28°C in summer and 17°C in winter. Mean monthly temperature followed a seasonal 
pattern, being lowest in February (14.9°C) and highest in June (28.8°C). The seasonal ‘ 
variations are controlled by the cooling and heating of the great land mass while the 
daily weather is influenced by both tropical- and temperate-latitude synoptic 
disturbances (Chin 1986). 
Figure 2.3 shows the mean monthly rainfall of the nearest weather stations of 
the three study areas. In general, the rainfall pattems of the three study areas were 
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Figure 2.3 Mean monthly rainfall (mm) of the nearest weather stations of the study areas, 1996. 
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similar and resembled closely that of the territory. The annual rainfall of Central 
District, Kwun Tong and Wo Che is 2,250.1 mm, 2,511 mm and 2,262.8 mm, 
respectively. Highest rainfall was recorded in May, June and September for all three 
sites (Figure 2.3). 
2.3 Planters 
Planters refer to the raised planting beds approximately 50 cm above ground 
level. They include open-bottom and closed-bottom types and are becoming popular in 
the CBD, as well as other congested areas in Hong Kong. Apart from producing a 
greater visual impact in the urban areas, plants therein are less susceptible to 
vandalism. 
Planters can be made of steel and iron, wood and concrete (Cervelli 1984). In 
Hong Kong, almost all planters are made of concrete. They are mostly built at the 
beginning of landscape planting, mostly by the Highways Department responsible for 
. roads ide planting and early management. A few are added on when landuse changes 
are made in the urban area. 
Generally, the shape of planters can be circular, hexagonal, square and 
rectangular. In Hong Kong, most of the planters are rectangular. They are strategically 
placed as road dividers and roundabouts, at fringe of sitting-out areas, in gardens and 
close to building walls. Because of this, their shape depends on the surrounding 
environment of the open space. 
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The size of planters determines the species, species assemblage and the amount 
of vegetation grown. Likewise, the size varies with the area and landscape design 
characteristics of the gardens. The average height of planters is 83 cm in Central 
District, 65 cm in Kwun Tong and 71 cm in Wo Che. 
2.4 Soils 
Urban soils, including planter soils, are not derived in situ. Planter soils are 
originally decomposed granite often excavated from the borrow areas! of Hong Kong. 
• Decomposed granite is strongly acidic (pH <5) and deficient in organic matter, N, P 
and K (Grant 1960; Webb 1991). Hence, they are amended with soil conditioners or 
organic matter such as peat moss before planting. The modified soils are called "topsoil 
mix" in the tender specifications (Holden 1983). The term 'topsoil' is meaningless until 
the criteria for topsoil is specified. It is a mixture of friable, completely decomposed 
granitic (CDG) and completely decomposed volcanics (CDV) and soil conditioner in a 
ratio of3:3:l (Unpublished tender document 1993)2 It should be free from grass or 
weed growth and stones larger than 25 mm in diameter, and must meet the chemical 
and physical properties requirements as specified in Table 2.1. There were, however, 
no planting records of the three sites. -
!Borrow areas are sites from which decomposed rock materials, mostly granite in Hong Kong, are 
excavated for use as topsoil or landfill materials. 
^Despite this, the majority of the topsoil mix is made up of completely decomposed granite and peat 
moss at a ratio of 4:1. This is because CDG is more easily available than CDV. Granite covers one 
third of the land area in the territory and because of its mineralogical composition, it is intensely 
weathered and severely eroded resulting in the formation of badlands. To kill two birds with one 
stone, some of the badlands are designated as borrow area from which the CDG is excavated for use 
as topsoil or landfill materials. After excavation the borrow area is restored. On the other hand, the 
volcanic area in Hong Kong is well protected and supports a lush vegetation. It is rarely disturbed. 
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Table 2.1 Topsoil mix specifications. 
pH Between 5.5 and 7.0 
Organic matter Not less than 7.5% 
Nitrogen fN) A minimum of 0.1 % 
Available phosphate (P2O5) 69-92 pig g"^  ofopen dry soil 
Exchangeable potassium (K2O) 0.36-0.72 cmol kg] of open dry soil 
Total soluble salts Not more than 0.01% 
Texture Sand 76% ± 3 % 
Silt 18% 士 3% 
Clay 6% 士 3% 
Source : Unpublished tender document. 
The planter is filled with topsoil to some 75 mm below the surface, actual 
depth depending on planter height. Unfortunately, it is a process least attended to 
because workmen tend to dump rubbles and refuse in the planter box before covering 
them with topsoil. This is a common practice to save topsoil materials, although not 
permitted in the tender specifications. For closed-bottom planters, a 100-mm thick 
aggregate layer (25-50 mm diameter) is laid in the bottom to facilitate soil drainage. 
2.5 Management 
2.5.1 Authority 
The Urban Services Department (USD) is the principal management authority 
of urban trees in the built-up areas of Hong Kong. Its jurisdiction covers areas on 
crown land, on public highways and within 5-metre belt on their edges, in public open 
space and government building compounds. The USD has its own tree nurseries and 
arboricultural staff to manage the planting and care of trees in parks and along public 
thoroughfares (Jim 1987c). The Highways Office is responsible for the landscape 
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planting of new road and highways, with the aid of contractors. After the establishment 
period (usually 12-24 months), the subsequent maintenance would be handed over to 
the USD. 
Within the organization structure of the USD, professional landscape planners 
and arboricultural staff are the key personnel looking after all the urban greenery. The 
USD employs arborists, horticulturists and landscape architects as landscape planners 
and tree managers (Jim 1987a). Each district has its own office to manage greenery 
and to carry out minor enhancement and replacement work. Major tree works are 
carried out by the tree gangs in the headquarters of the USD. All the operational staff 
receive onjob training in a USD school specifically set up for this purpose. 
Administratively, Central District and Kwun Tong are managed by the Central 
and Western District Office and Kwun Tong District Office of the USD, respectively 
(Figure 2.4a). These authorities are responsible for the maintenance of urban 
vegetation, including irrigation, fertilization, mulching, pruning etc. 
The Housing Department builds and maintains all public housing estates in 
Hong Kong. It is a government department which has its own team of landscape 
architects to plan for hard and soft landscaping routinely in public housing estates (Jim 
1986b). Greenery within the government public housing estates is planted by 
contractors and maintained independently by the Housing Department. About one 
















































































































































































































































































































































formation, is earmarked for landscaping (Jim 1986b). Landscape planting within Wo 
Che Estate and along the estate roads is managed by the Wo Che Estate Housing 
Office (Figure 2.4b). The team consists of seven staff including one senior artisan and 
six artisans. In addition to landscaping duties, staff are also engaged in minor repair 
works in the estate. 
2.5.2 Management intensity 
Planters in Central District are fertilized monthly by pit application (Table 
2.2a). Soils supporting flower growth are fertilized with bone meal, which consists of 
7.0% N and 7.04% P, while the trees and shrubs are fertilized with Greensome and 
Golci-N fertilizers. Greensome consists of 70% N from sulphur coated urea (S.C.U.) 
and the remaining 30% from diammonium phosphate (11% P2O5, 11% K2O and 8% 
S). Gold-N consists of 37% N derived from S.C.U., which also contains 16% sulphur 
(Manufacturer's technical note). 
Planter soils in Kwun Tong are fertilized 2-3 times a year by surface 
application. Unlike Central District where different types of fertilizer are used, � 
Greensome is applied to all planters. Similarly, planter soils in Wo Che are fertilized 2-
3 times a year by pit application of Nitrophoska. It is a compound fertilizer which 
contains 12% N，12% P2O5, 17% K2O and 2% MgO (Manufacturer's technical note). 
The N is made up of NH4 and NO3 in a ratio of 3:2. However, the dose rate in the 
three sites is not known nor recorded as the workmen do it subjectively by experience 
(Personal communication with the workmen). 
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Table 2.2 Management of planter greenery Jan - Dec, 1996. 
(a) Fertilization 
Central District Kwun Tong 一 Wo Che 
Fertilizers Flowers: Greensome Nitrophoska 
Bone meal (14%N, ll%P2O5, ll%K2O) (12%N, i2%P2O5, 
(70/oN，7.04%P) i7%K2O, 2% MgO) 
Trees and shrubs: 
Greensome 
(14%N, 1 l%P2O5, 1 l%K2O) 
Go/J-iV(37%N) 
Method Pit application Surface application Pit application (2-3 inches) 
Frequency Monthly 2-3 times a year 2-3 times a year 
QM[ar, Aug and Nov) 
Dose Unknown Unknown Unknown 
Qj) Irrigation 
Central District Kwun Tong Wo Che 
Source Potable water Potable water Potable water 
Method Manual Manual and sprinkler Manual 
Frequency 1 times per day 1-2 days Wet season: alternate day 
(morning and 3:00 pm.) Dry season: daily 
(c) Insect and diseases control ‘ 
Central District Kwun Tong Wo Che 
Time Apply when detected Apply when detected or cut Apply when detected 
, off the infected branches 
Type Fungicides M Insecticides 
(d) Mulching 
Central District Kwun Tong Wo Che 
Type Peat moss* Wood chips ^ 
Frequency Qnce per year Once per year ^ 
Thickness 50 mm 50 nun 1 ^ 
*Moisture content 40-50%, water-holding capacity 45-55 vol %, pH 3.5, organic matter 95-99% and ash 1-5% 
(e) Pruning 
Central District Kwun Tong Wo Che 
Time Branch breakage Branch breakage Branch breakage 
Obstruct passers-by Obstruct passers-by Obstruct passers-by 
Regular pruning for shrub Before typhoon Regular pruning for shrub -
(twice a year: April & Nov) (once a year: Nov) 
Wound No No No 
treatment 
(f ) Mid-cultivation 
Central District Kwun Tong Wo Che 
Time Once a year (Nov) ^2 ^ 
(g) Vandalism 
Central District Kwun Tong Wo Che 
Nature Branch breakage Branch breakage Branch breakage 
Littering Littering 
Plant removal / flower picking 
Extent Not serious Not serious Serious 
NI: Information not available 
NA: Not applicable 
27 
Planter soils in the three sites are irrigated with potable water from standpipes 
or tankers, except the roadside or roundabout planters in Kwun Tong where sprinklers 
were installed for the purpose (Table 2.2b). Planters in Central District are irrigated 
twice a day while that ofKwun Tong and Wo Che at intervals of 1 to 2 days. 
Preventive spray of pesticides is not practised in the three sites. It is applied 
only when insects and diseases are detected in Central District (fungicides) and Wo 
Che (insecticides) (Table 2.2c). In Kwun Tong, however, the infected branches are 
simply clipped without any use of pesticide. 
The planter soils in Central District and Kwun Tong are separately mulched 
with peat moss and wood chips to a thickness of 50 mm annually (Table 2.2d). 
Mulching was practised to cover up the bare ground for aesthetic purpose. In fact, 
mulching helps to reduce evaporation from soil and prevent weed invasion (Webb 
1991). No mulching is carried out in Wo Che. 
Planter greenery of the three sites is pruned when branches are broken and 
obstruct passers-by (Table 2.2e). Shrubs in Central District and Wo Che are pruned 
regularly at intervals of 1 to 2 years while that of Kwun Tong before the typhoon 
season. No treatment of the wounds is attempted. 
Mid-cultivation was practised once a year in Central District but never in Kwun 
Tong and Wo Che (Table 2.2f). Mid-cultivation can enhance mineralization of 
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nutrients (Tracy et al 1990) and in Central District speed up incorporation ofthe peat 
moss in the surface soil. 
Vandalism is common to the three sites and the most critical problem is branch 
breakage. This is followed by littering in Central District, especially during weekends 
and public holidays� (Table 2.2g). Littering is also a big problem in Wo Che dominated 
by densely-packed housing blocks. In addition, plant removal or flower picking is 
common in Central District but not in the other two sites. 
3 On Sundays and public holidays, thousands of Filipino domestic workers gather together in parks 
and sitting-out areas in Central District, singing, chatting and eating. It is a venue of social contact 
for these people. Altogether there are some 140,000 Filipino domestic workers in Hong Kong. 
29 
CHAPTER 3 
INVENTORY OF PLANTER GREENERY 
3.1 Introduction 
Urban areas are usually described as "concrete jungle" which provide a 
stressful "man-made" habitat for plants to survive (Bernatzky 1980; Arnold 1993). The 
plant growth environment is characterized by extreme soil pH (Gray 1972; Sato et al. 
1974), waterlogging or drought soil (Hamada 1977; Clark and Kjelgren 1990), nutrient 
deficiency (Ash 1991)，excessive compaction (Bockhelm 1974; Sukopp et al. 1979; 
Jim 1987b), deep shade and heavy pollution (Halbwach 1983; Brinkmann 1994). 
Selecting the appropriate species is thus important to maximize the aesthetic 
and practical functions of urban trees. Generally, species selection is based on aesthetic 
value (Nadel and Oberlander 1977; Gerhold et al. 1982) and the ability to withstand 
pollution (Webb 1991), drought (Kunick 1982) and poor soil matrix (Dery 1983). 
In Hong Kong, comprehensive tree surveys had been conducted on Hong Kong 
Island (Jim 1986a and 1994; Yeung 1993) and Kowloon Peninsula (Yeung 1993). ‘ 
However, these studies were confined to roadside trees and pavement trees (Yeung 
1993)1 while studies on planter box greenery were virtually absent. As the use of 
planter in urban areas is becoming popular (Jim 1989a; Miller 1988)，it is worthwhile 
1 Roadside and pavement trees are defined as those grown on the pavement between the kerb and the 
property line. 
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to document the inventory of planter greenery and to identify associated growth 
problems. 
Planters are unique in growth conditions when compared with the natural 
environment. Trees grown in planters have a more limited lifespan than free-grown 
trees (Webb 1991). Planters may limit the extent of crown growth by confining root 
development (Rakow 1987). Will species composition be different between planter 
boxes and roadside plantings as well as among the three sites? 
The growth performance of urban greenery is site-specific. Over 90% of the 
trees in Belgium (Impens and Delcarte 1979) and 80% in the United Kingdom (Hodge 
1991) were in good growing conditions, yet one third of the trees in Boston sidewalk 
performed poorly (Foster and Blaine 1978). Trees in inner cities and large metropolitan 
areas suffered from poor growth as a result of insufficient resources to maintain the 
large numbers of trees planted (Gilbertson and Bradshaw 1985). In urban Hong Kong 
some large amenity trees, such as Ficus microcarpa, performed poorly due to limited 
growth space (Jim 1992a). However, there has been no study on the growth 
performance of planter greenery. As planter greenery is subjected to different 
management intensity when compared with the roadside trees, will they be different in 
growth performance? Under what management input would growth be optimized in a 
confined environment? 
Growth problems associated with urban trees in such hostile environment is 
unavoidable (Dery 1983). Two thirds of the street trees in Hong Kong and Kowloon 
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had arboricultural problems (Jim 1992a). Structural faults such as branch breakage, 
trunk disorder (Jim 1986a), pest and disease (Yeung 1993)，typhoon damage (Webb 
1991), vandalism (Bradshaw and Chadwick 1980), insufficient growth space, and 
water and nutrient stresses (Gilbertson and Bradshaw 1985) are the common problems 
affecting urban tree growth. Are trees grown in planters free from these problems? 
Will tree performance differ with landuse? 
Arborists rely on their experience in the selection of species, but improper 
choice can result in serious losses, both financially and aesthetically. While 
comprehensive inventory study may provide answers to the above questions, it is not 
common even in the developed countries. In United States, cities with street-tree 
inventory only account for one-third of the 172 cities (Bassett and Lawerence 1975). 
Beatty and Heckman (1981) found that nearly 40% of the 72 cities investigated in the 
United States did not have any statistics on urban trees. It is indeed a tedious exercise 
to conduct tree inventory study and cumbersome to handle large amount of data. With 
the use of computers, however, thejob is greatly eased, so is the management of urban 
trees (Webb 1991; Phillips 1993). 
In view of the above knowledge gap, the thesis begins with a survey of the 
planter vegetation in CBD, industrial and residential areas in Hong Kong. Findings 
from this inventory survey will provide answers to the following specific questions: 
1. What types of greenery are present in Central District, Kwun Tong and Wo 
Che? 
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2. What is the species composition of the planter greenery in Central District, 
Kwun Tong and Wo Che? 
3. What is the physiognomy of the trees grown in planters? 
4. What is the growth performance of planter greenery in Hong Kong? 
5. Does the planter greenery suffer from any growth problems and if yes, what are 
the main problems? 
3.2 Methodology 
3.2.1 Sampling 
After a pilot survey on species composition and spatial patterns of planter 
greenery, it was found that the spatial distribution of planters differed among the three 
sites. Hence, different sampling strategies were used for the three sites (Table 3.1). 
There are two guidelines in the sampling process. First, the population was stratified by 
the growth environment. Second, proportionate random sampling was adopted to 
obtain a representative number of samples. For Central District and Kwun Tong, 
stratified random sampling was adopted. Fewer sampling points (planter boxes) were 
chosen for the growth environment with fewer planter boxes, while more samples were 
taken from the growth environment with more planter boxes. For Central District, as : 
* 
planter boxes are located in different recreational areas, they were stratified by 
gardens, sitting-out areas and monument square (Table 3.1). For Kwun Tong, growth 
environment of planter greenery was stratified into two types: roadside and 
recreational areas (Table 3.1). The purpose of this sampling strategy was to obtain 
sufficient samples to represent the overall picture of planter greenery in these two sites. 
33 
A total of twenty sampling points or planter boxes were selected randomly from 
different strata of each site. 
As the growth environment of planter greenery was similar in Wo Che, simple 
random sampling was followed (Table 3.1). Similarly, a total of twenty sampling 
points were chosen randomly from this site. The location of sampling points for each 
site is attached in Appendices 3.1, 3.2 and 3.3. 
Table 3.1 Sampling methods for planter greenery. 
Central District Kwun Tong Wo Che 
Method Stratified random sampling Stratified random Simple random 
sampling sampling 
Stratified by recreational areas: Stratified by : 
• Chater Garden • Roadside (including 
• Connaught Garden roundabout and 
• Lambeth Walk Rest Area central dividers) 
• Star Ferry Concourse • Recreational areas 
Sitting-out Areas 
• Statue Square (south and 
north) 
The planter greenery in Central District, Kwun Tong and Wo Che was 
surveyed in August 1996 which was the active growing season in Hong Kong. The 
greenery was subdivided into trees, shrubs and ground cover. Trees are defined as a 
type of tall plant with a wooden trunk and branches, that live for many years. Shrub is 
a perennial woody plant and branches from near the base. It is smaller than tree and has 
certain height limit. Ground cover is defined as a plant whose stem does not become 
• woody, but which dies down to the ground (or dies entirely) after flowering. In the 
present study, trees, shrubs and ground cover were sampled and identified whereas the 
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coverage of ground cover was subdivided into four classes (Appendix 3.4). As trees 
have longer lifespan and greater visual impact in the urban areas, a more detailed 
survey was conducted for trees only. In addition to tree identification, growth 
performance and problems of trees were evaluated. Table 3.2 summaries the 
methodologies on the planter inventory study. 
Table 3.2 Summary of methodologies on planter inventory study. 
Attributes investigated Method 
Trees • Species and families Field identification 
• Growth form (broadleaf, palm and conifer) Field identification 
• Physiognomy (height, girth and crown Field measurement 
width) 
• Growth performance (poor, fair, good and Ordinal rating and frequency 
excellent) count 
• Growth problems (deformity, broken Frequency count 
branch, trunk cracks, tree tie damage , 
vandalism and artifacts) 
Shrubs and • Species and families Field identification 
ground • Coverage (for ground cover only) Field estimation 
cover 
To conduct the tree survey and evaluate the tree growth performance, both 
subjective evaluation and measurements were made. Data are of two types: (1) simple 
numerical measurements or counting, and (2) ordinal rating. The method used in the 
present study was modified from Neely (1983) and Yeung (1993). Tree growth ' 
performance was assessed using the tree survey form detailed in Appendix 3.5. The 
overall growth performance of trees was subdivided into four classes: excellent, good, 
fair and poor. The tree was evaluated against trunk erectness, crown development, 
biotic disorder and growth problems to give a cumulative score of performance. 
Attributes and rating used to evaluate tree growth performance is listed in Appendix 
3.6. A maximum score of 5 would be assigned to each attribute. Thus, the total 
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maximum score is 20 and the lowest is 4. Trees scored 17-20 were in excellent 
conditions, 13-16 for good conditions, 9-12 for fair conditions and 4-8 for poor 
conditions. Appendix 3.7 shows a general description for the four classes of tree 
growth performance. Tree growth problems were identified in the field and each was 
evaluated by frequency count (Appendix 3.5). 
In addition to subjective evaluation, basic information of trees such as height, 
girth and crown spread were measured. The tree height was measured by using the 
triangle method (Jim 1988) whereas girth was measured at breast height of 1 m. The 
crown spread was estimated from the drip line of a sampled tree (Yeung 1993) and 
two readings were taken perpendicular to each other and averaged to represent the 
crown width and the balance of crown development. 
3.3 Results 
3.3.1 Species composition 
In the present study, a total of 247 trees were sampled in the three sites, 
representing 23 species and 12 families. A detailed inventory of trees in planters is 
listed in Appendices 3.8 and 3.9. Planters in Central District contained more trees and / 
were characteristically higher in species diversity than Kwun Tong and Wo Che (Table 
3.3). 
Table 3.3 Tree species and families. 
No. of families No. of species No. of trees sampled 
Central District 11 18 98 
Kwun Tong 8 14 88 
Wo Che 7 n ^ 
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Planter trees in the three sites were dominated by a few families (Figure 3.1). 
Species of the Caesalpiniaceae family accounted for 35.7%, 44.3% and 49.2% of the 
total in Central District, Kwun Tong and Wo Che respectively. Species of 
Caesalpiniaceae include Cassia surattensis, Delonix regia and Bauhinia species. 
Ranked second in importance were species of the Palmae family in Kwun Tong 
(25.0%) and Wo Che (31.1%), and ofEuphorbiaceae in Central District (14.3%). The 
least important families in the three sites were Ginkgoaceae and Ulmaceae (1.0%) in 
Central District, Bombacaceae and Ulmaceae species (1.1%) in Kwun Tong and 
Cycadaceae and Moraceae species (1.6%) in Wo Che (Appendix 3.8). 
0>) Kwun Tong 
(a) Central District � , g) 11.2% a) 7.1% g)3.4% a)l.l% • ^ ^^^ -^ E^Sl-
^ ^ ^ ^ ^ ^ ^ 卜 ^ ^ ^ ^ ^ ^ ^ m ^i^^Hi • • • I ^ ^ ^ F e)3 4%^HB l i l l H ^ ^ ^ ^ ^ 
e) 16^^^^^^^^圔 f ^ ^ ^ ^ ^ ® ^ . ^ T 7 ^ ^ M M M i ^ ^ i ^ ^ ^ ^ ^ d) 8.2% c) 14.3% d)5.7/o 。”舰 „ • a) Bombacaceae 
(c) Wo Che 
g) 3 3% 0 b) Caesalpiniaceae 
' ' ! , ^ ^ ^ » ^ - " ~ ^ ' ° ' 叫 E_orbiaceae 
^ ^ ^ ^ H ‘ > 1 0d)Mimosaceae 
^^ ^^ ^^ ^^ ffjjj^ 5 i^^ :^::::;^  \ , ,Js 
^ ^ ^ r l _ Mi .,..^^^ Se)Myrtaceae M^^ ^^  — ’ 
e) 4.9�d) 8.2% c) 3.3% %^)Oihitrs 
Figure 3.1 Composition of trees by family. 
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Trees in planters were dominated by a few species, dominant ones of which 
were similar in the three sites (Figure 3.2). Two of the top four species in Central 
District and Kwun Tong were common, viz. Bauhinia species and Aleurites 
moluccana. They accounted for one fourth of the total trees in Central District and 
Kwun Tong, while in Wo Che Bauhinia species alone constituted nearly half (42.6%) 
of the total (Appendix 3.9). 
(a) Central District 0^ ) Kwun Tong 
1) 16.4% a)7.1% 1)12 5% a) 5.7% 
1 ^ ^ " : g ^ ^ " - ， 
i ) ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ % ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ d ) 1 7 � % 
hM.l%g)io2% 0.2.2% g)6.8% ¢20.5% )^1.1% 
Ma) Acacia confusa 
( C ) W o C h C ^b》Aleuritesmobiccana 
• c) Archontophoenix aUxandrae 
k ) 8 2 % 1) 3 4 % a ) 8 2 % b ) » 6 ¾ 因 «P Bauhinia species 
J ) ^ 5 ^ ^ ^ " " ^ " ^ " ^ ^ ^ r ^ B B P ^ ^ ^ ^ ^ ^ ^ ^ T ; ; : : ^ 9 % 囲 e) Bombax malabaricum 
1) ^ 6 Z。, " " " * ^ ^ ^ ^ SJ) Cassia surattensis 
L ^ y * ^ Y " ^ < 5 * , ^ 围 办 Deknix regia 
h) 18.0% ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ W 図形 Livistona chinensis 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ • i) Macaranga tanarius 
^ ^ ^ ^ ^ ^ ^ ^ m & ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ " ‘ 因 j ) Melaleuca quinquenervia 
d ) 4 2 . 6 % Q k) Roystonea regia 
B 0 Others 
Figure 3.2 Composition of tree species. 
Fifteen out of 23 species were exotic in the three sites. Native species 
accounted for only 30.6% of the total number of trees in Central District and Kwun 
Tong and 44.2% in Wo Che (Table 3.4). The rest were exotic species. 
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Table 3.4 The distribution of exotic and native species. 
‘ Exotics (%) Native (%) 
Central District 69.4 30.6 
Kwun Tong 69.4 30.6 
Wo Che ^ 4 ^ 
Broadleaf trees constituted 77.3% of the total number of tree species in the 
three sites, being followed by Palmae species (21.1%) and conifers (1.6%) (Figure 
3.3). There were more broadleaf species in Central District (91.8%) than in Kwun 
Tong (72.7%) and Wo Che (67.2%). Palmae species were more abundant in Kwun 
Tong (25.0%) and Wo Che (31.2%) than in Central District (7.1%). Livistona 
chinensis, a popular palm species planted for fibre materials in South China, 
accounted for 10.2% of the total in Kwun Tong and 18.0% in Wo Che. Conifers 
accounted for only 1.1-2.3% of the total in the three sites. 
(a) Overall (b) Central District 
1 6% 7.1% 1-1% ^^ #^ ^ C"^ "^"^  
^^Mms^, .T-:-:-'^'^^^g ^^^^aaaa=^^*>it^>>>x;^^^^^^B 
^ ^ ^ ^ ^ ^ ^ ^ ^ W ^^^^^^^^^^ 
• ^=^^^^^^^^^^^^^^^^^^g^ ^^^^^^^^^^^^^^^^Sa^^ 
77.3% 91.8% 
0 Broadleaf ,: 
(c) Kwun Tong (d) Wo Che | : : : 
25.0% 2,3% 1 6¾¾ 
^^ ^^ ^^ ^^ ^^ "^f^ "^ "^ "^""""""""""""^ ""*"*"""*"*"^  31.2^ ^^ ^^ ^^ ^^ ~^p^ "^"<»»^ T»>>„^ ^^ ^^ ^ 
~""^^ ^^^ ~^*^^^*"^^ ^^^ ^^^ ^^^ ^^^ ^^^ ^^^ ^^r,:--.， 72.7% ^"•'^'^^^^^^^^^^Sssa^^^ 
67.2% 
Figure 3.3 Tree forms by area. 
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3.3.2 Tree structure and size (physiognomy) 
Overall, trees in planters were mostly small in size or in their young stage of 
growth. Over 70% of the trees were below 6 m in height (Figure 3.4). Small trees such 
as Bauhinia species (4.43-6.06 m) and Cassia surattensis (2.78-4.21 m) accounted for 
25.0-49.2% of the total tree population. Large trees of Ficus microcarpa with an 
average height of 9.75 m and a crown spread of 11.58 m were found in Central District 
only. Palmae species characterized by tall and straight trunk such as Archontophoenix 
alexandrae was found in Kwun Tong (10.59 m) and Wo Che (8.47 m), but not in 
Central District. They had narrow crown, ranging 2.61- 2.70 m. 
For species common to the three sites, the average tree girth was greater in 
Central District than in Kwun Tong and Wo Che (Figure 3.5). For instance, Acacia 
confusa in Central District had an average girth of 55.3 cm compared to 25.3 cm in 
Kwun Tong and 23.5 cm in Wo Che. The girth of the same species in Kwun Tong was 
comparable to that in Wo Che. 
Similarly, the average crown width of the same species was larger in Central 
District than in Kwun Tong and Wo Che (Figure 3.6). For instance, Aleurites ) 
moluccana decreased in the order of Central District (4.67 m) > Kwun Tong (3.59 m) 
> Wo Che (2.23 m). For Livistona chinensis, however, the crown width was 
comparable among the three sites, ranging 1.35-1.54 m. 
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3.3.3 Growth performance 
Overall, growth of the trees was satisfactory in the three sites (Appendix 3.10). 
—“—一"“�-__-—-^-
No dead trees were found in the present study. Trees performed best in Central 
District, 73.5% of which were in good and excellent conditions. This was reduced to 
60.3% in Kwun Tong and 44.3% in Wo Che (Figure 3.7). While no trees in Central 
District were classified under the poor conditions category, there were 4.5% in Kwun 
Tong and 14.8% in Wo Che. 
At the species level, the growth performance of Aleurites moluccana and 
,^,_-,..-'---- "'" 
Melaleuca quinquenervic^ were better than the other species. Over 90% of the 
Aleurites moluccana and 86.7% of the Melaleuca quinquenervia were in good and 
excellent conditions in the three sites (Appendix 3.10). 
(a) OveraU (b) Central District 
53% 10.”/� 26 50/0 謹 
33.2% H p | i J P ^ ^ ^ g ; ^ g - P " ^ 
i l ^ ^ ^ ^ ^ ^ * ^ ^ 體 。 52.4% 
(c) Kwun Tong (d) Wo Che 
. 4.5% 10.2% 
, .。。， 3.3% „^<mm«rmSnilBI»^"~~>^  ".8¼ 41.0% 
35.2% _ jp|fc^ ) iiiiiii3^^ " ^ 
^ ^ ^ ^ ^ ^ 0 1 0 , 41抓 m n i i ^ ^ ^oT' 
O P o o r 
Figure 3.7 Tree growth performance in the three sites. 
2 Melaleuca quinquenervia was formerly classified as Melaleuca leucadendron in Hong Kong, but 
renamed in 1994 by Agriculture and Fisheries Department. 
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Acacia confusa and Cassia surattensis performed differently in the three sites. 
• For Acacia confusa, 85.7% were in good and excellent conditions in Central District, 
but was reduced to 20% in Wo Che and 0% in Kwun Tong (Appendix 3.10). The 
corresponding values for Cassia surattensis were 75% in Central District, and 50% in 
Kwun Tong and Wo Che. 
Conversely, Bauhinia species and Delonix regia did not grow well in the three 
sites. About 38.5-88.5% of the Bauhinia species were in fair and poor conditions and 
the corresponding values for Delonix regia were 50-80%. Ficus microcarpa, found 
only in Central District, fell in the class of fair condition too (Appendix 3.10). 
3.3.4 Tree growth problems 
Trees in Central District had less growth problems compared to those in Kwun 
Tong and Wo Che (Table 3.5). Broken branch was the dominant problem common to 
— � � 
-^.-‘—.'‘-—'〜~-^ -.‘.，. .. — — • •”一—.».,-^,.^ ,  — ‘ '—~ •••'',〜,，•  .-1.—..~^ _ 伸内-.— 
the three sites, averaging 27.6% in Central District, 34.1% in Kwun Tong and 55.7% 
in Wo Che. At the species level, Aleurites moluccana and Melaleuca quinquenervia 
were relatively free from growth problems. Only 10% of the Aleurites moluccana and 
6.7% of the Melaleuca quinquenervia recorded broken branches (Appendix 3.11). 
Conversely, 80% of the Acacia confusa and 39-75% for the Cassia surattensis in 
Kwun Tong and Wo Che suffered from broken branches. In Central District, however, 
. l e s s than 20% of these two species had broken branches. 
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Table 3.5 Overall tree growth problems. 
Tree growth problems * (%) 
Deformed Broken Trunk Tree tie Vandal Insect, pest & Artifacts 
trunk branch cracks damages signs fungal bodies 
~ ^ 5 3A ^ 15.3 2.0 5.1 0.0 21.0 
KT 9.1 34.1 21.6 1.1 12.5 0.0 11.0 
‘ W C 18.Q 55.7 27.9 0.0 13.1 6.6 44.0 
*Tree growth problems were not mutually exclusive. They could be found in one tree at the same 
time. Hence, the percentage would not be summed up to 100%. 
CD: Central District; KT: Kwun Tong; WC: Wo Che. 
Trunk cracks ranked second, being 15.3% in Central District, 21.6% in Kwun 
Tong and 27.9% in Wo Che (Table 3.5). Trees in Kwun Tong and Wo Che were more 
easily vandalized than those in Central District. At the species level, trunk cracks were 
more abundant on Acacia confusa, Macaranga tanarius and Bauhinia species (40-
60%) than any other species (except those for which only one individual tree was 
encountered in the survey) in Kwun Tong and Wo Che (Appendix 3.11). 
The amount of artifacts decreased in the order of Wo Che (44%) > Central — ~"• 
District (21%) > Kwun Tong (11%). Artifacts in Wo Che included a wide range of 
edible and non-edible items while food debris was mainly found in the Central District 
planters. Trees with insects, pests and fungal bodies were only found in Wo Che 
•,i 
where 6.6% of the trees were infected but confined to the Bauhinia species only 
(Appendix 3.11). Other problems such as tree tie damages and deformed trunks were 
more serious in Wo Che than in Central District and Kwun Tong (Table 3.5). 
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3.3.5 Shrub and ground cover 
There were more shrub species in Central District (13) than in Kwun Tong (11) 
and Wo Che (4) (Table 3.6). The shrub species were different among the three sites 
and only Rhododendron farrerae, Rhododendron pulehrum and Rhododendron simsii 
were common to Kwun Tong and Wo Che. 
Table 3.6 Shrub species in the three sites. 
Scientific name Common name Family 
Central Acalypha wilkesiana Copper leaf Euphorbiaceae 
District Aglaia odorata Mock lime Meliaceae 
Allamanda neriifolia Small allamanda Apocynaceae 
Beloperone guttata Shrimp plant Acanthaceae 
Calliandra haematocephala Calliandra Mimosaceae 
Codiaeum variegatum Croton Euphorbiaceae 
Eranthemum nervosum Blue eranthemum Acanthaceae 
Ervatamia divaricata Crepejasmine Apocynaceae 
Euphorbia pulcherrima Poinsettia Euphorbiaceae 
Hibiscus schizopetalus Coral hibiscus Malvaceae 
Hydrangea macrophylla Hydrangea Hydrangeaceae 
Hypericum chinense St. John's wort Hypericaceae 
Jasminum primiilinum Yellowjasmine Oleaceae 
. K w u n Catharanthiis roseus Periwinkle Apocynaceae 
Tong Hibiscus rosa-sinensis Chinese hibiscus Malvaceae 
Hypoestes purpurea Hypoestes Acanthaceae 
Ixora chinensis Red ixora Rubiaceae 
Lantana camara Lantana Verbenaceae 
Phyllanthus emblica Myrobalan Euphorbiaceae 
Rhododendron farrerae Farrer's azalea Ericaceae 
Rhododendron pulchrum Purple azalea Ericaceae 
Rhododendron simsii Red azalea Ericaceae 
Russelia equisetiformis Coral-plant Scrophulariaceae 
Ruta graveolens Common me Rutaceae 
Wo Lantana camara Lantana Verbenaceae 
Che Rhododendron farrerae Farrer's azalea Ericaceae 
Rhododendron pulchrun Purple azalea Ericaceae 
Rhododendron simsii Red azalea Ericaceae 
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Ground cover species were less diversified than the shrubs (Table 3.7). Again, 
Central District had more ground cover species (3) than Kwun Tong (2) and Wo Che 
(1). Wedelia chinensis was the only species common to the three sites. The coverage 
of ground cover decreased in the order of Kwun Tong (76-100%) > Wo Che (51-
75%) > Central District (26-50%). 
Table 3.7 Ground cover species and its coverage in the three sites. 
Scientific name Common name Family % Coverage of site 
• CD Alternanthera versicolour Red border weed Amaranthaceae Low (26-50%) 
Liriope spicata Lily turf Liliaceae 
Wedelia chinensis Wedelia Compositae 
KT Axonopus compressus Carpet grass Gramineae High (76-100%) 
Wedelia chinensis Wedelia Compositae 
WC Wedelia chinensis Wedelia Compositae Medium (51-75%) 
CD: Central District; KT: Kwun Tong; WC: Wo Che. 
3.4 Discussion 
3.4.1 Inventory of planter greenery in the study areas 
The present study on planter greenery represents the first of its kind in Hong 
Kong. Hence, comparisons will be made against works on roadside plantings. As there 
were no comprehensive surveys on roadside shrubs and ground cover (Jim 1986a and / 
1994; Yeung 1993), the comparison below is limited to trees only, with special 
emphasis on composition and growth problems. 
Urban trees in Hong Kong are rich in species when compared with many cities 
in the temperate regions like Melbourne and Syracuse (Richards and Stevens 1979; 
Yau 1982). In the present study, a total of 247 trees representing 23 species and 12 
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. famil ies were found in the three sites. Despite the relatively high species diversity, trees 
were dominated by a small number of popular species. The top ten tree species of each 
site constituted over 87% of the total tree population. Jim (1986a and 1994) reported 
that the top ten species made up 56-71% of all pavement trees in urban Hong Kong. 
At the species level, Melaleuca quinquenervia constituted 15% of the trees in Central 
District while Cassia siirattensis accounted for one fifth of the trees in Kwun Tong and 
Bauhinia species up to 42% in Wo Che. Against this, Aleurites moluccana was the 
dominant species which accounted for one fifth of the roadside trees in Hong Kong 
(Jim 1986a and 1990a). It is thus clear that planter box and roadside plantings in Hong 
Kong are dominated by a few species and that the most dominant species accounted 
for over 15% of the total tree population. 
The dominant landscape trees in Hong Kong are those ‘well-tried’ ones. It is 
only when a species poses problems or becomes a nuisance then it will be no longer 
used (Jim 1992a). In fact, over-planting of one species may cause massive losses as a 
result of pest infection. For instance, all the Delonix regia on Lantau Island were 
defoliated due to the outbreak of the insect Pericyma cruegeri in the early 1990s 
(Yeung 1993). To avoid over reliance on a few species. Philips (1979) suggested a 
10-5 mle for species selection in urban planting. Any one plant family and single genus 
should not account for more than 10% and 5% of the tree population respectively. 
How far would the planter greenery deviate from this guideline? Species of the 
Caesalpiniaceae family accounted for 35.7%, 44.3% and 49.2% of the total population 
in Central District, Kwun Tong and Wo Che, respectively. This was followed by 
species of the Euphorbiaceae, Myrtaceae and Palmae families, each accounting for 
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more than 10% of the total population of trees. At the genus level, majority of them 
constituted more than 5% of the total, typical examples being species of the Bauhinia, 
Melaleuca and Cassia genera. The planter greenery in all the sites therefore failed to 
comply with the 10-5 rule suggested above. 
Tree species in the Central District planters were more diverse than Kwun 
Tong and Wo Che (Table 3.3). Species selection changed over time’ in response to 
conventional landscape preference and intensification of landuse (Jim 1992b). Different 
species would reflect different time of planting. The greater species diversity in Central 
District may reflect the changing preferences of the decision-makers over the years. 
Besides, some of the trees were planted several decades ago when the city was not 
urbanized (Jim 1986b). While Wo Che Estate was developed in 1977-80 and landscape 
planting was accomplished within these years, there were fewer species compared to 
Central District where different tree species had been added over the years. 
In the present study exotic species predominated over native species, 
accounting for 69.4% of the total tree population in Central District and Kwun Tong, 
and 55.8% in Wo Che (Table 3.4). In a separate roadside tree survey, 40 of the 59 
species encountered were exotic to Hong Kong, or equivalent to 67.8% of the total 
(Jim 1986a). The present finding therefore agreed reasonably well with that of ordinary 
street trees, as well as with the finding that 75% of the 175 amenity species were 
exotic to Hong Kong (Jim 1992a). Why are exotic species dominant in urban landscape 
planting? There is no easy answer to this question because exotic species also 
dominated the restoration of derelict landscapes (e.g. eroded badlands, borrow areas 
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and refuse tipping sites) in Hong Kong (Tsang 1997). Most native species found in the 
urban areas were voluntary growth and had established over several decades, typical 
examples being Ficus microcarpa and Celtis sinensis in Central District. They were 
remnant trees on natural slopes or in open area but were later encroached in planter 
boxes. 
The origins of these exotic species are mainly Tropical Asia, followed by 
Australia and Tropical America. The pre-eminent source from Tropical Asia is due to 
its geographical proximity to Hong Kong while a high degree of floristic affinity make 
the exotic species well adapted to the urban environment (Jim 1992b). This, in turn, 
guarantees a high survival rate. 
Majority of the 23 species identified in the present study are characterized by 
fast growth rate^ (Jim 1990d; USD unpublished data 1992). Indeed, rapid growth of a 
tree can provide instant greening effect (Jim 1990c) and minimize the vandalism 
problem. 
Yet, more management inputs may be needed for arboricultural works related 
to fast growing species. Scheduled and more frequent pruning and thinning of tree 
crown can avoid overloading from the heavy crowns and obstruction of traffic flow. 
This will create management problems and increase the management cost (Yeung 
1993). As reported by Loehle (1988), slow growth species usually have longer life 
3 For instance, Acacia confusa, Albizia lebbeck, Aleurites moluccana, Bauhinia species, Cassia 
surattensis, Melaleuca quinquenervia, SchefJlera octophylla are classified as fast growing species 
in Trees in Hong Kong (Jim 1990d) and Plant Selection Matrix (USD 1992). 
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spans and when fast growing species are unable to maintain rapid growth rates to 
replace old dead tissues, the species cannot sustain its survival and die. Hence, fast 
growing species may be short-lived and need to be replaced more frequently. In the 
present study, Acacia confusa is a fast growing tree which can provide an instant 
shade effect. With a life expectancy of 40 years, the tangible and intangible cost for the 
frequent replacement of Acacia confusa can be high. Furthermore, Acacia confusa 
grown in the stressful urban environment is characterized by leaning or crooked trunks, 
and heaving of pavements (Jim 1992a). Because of these reasons, the use of Acacia 
confusa in urban planting has been greatly reduced recently. 
Also, tree value appreciates with time; it can maximize its functions for shading 
and producing beautiful flowers when it becomes mature. Ficus microcarpa, which is 
native and slow growing, can easily live a few hundred years. Most of the species were 
planted nearly a hundred years ago. It is a symbol of sturdy health and longevity to the 
Chinese people (Jim 1994). While slow growing trees need infrequent replacement, 
they suffer from limited growth space in the congested environment. Planters can 
partly solve this problem although the small volume of soil may hinder root 
development. 
The heavy reliance on exotic species excludes many worthwhile native species 
too. Indeed, Hong Kong has a rich floristic pool of native species, proper use of which 
will increase diversity of the urban flora, preserve the native species and provide 
greater visual impact on urban areas. Besides, native species are well adapted to the 
local climate. In the present study, the native species Schefflera octophylla performed 
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very well although only two specimens were encountered in Central District. This 
species can tolerate a wide range of soil conditions and is characterized by a dense and 
compact crown. It is attractive for the interesting foliage. Although the spreading 
branches at low level may not be suitable for roadside planting, more can be grown in 
planters. Other uncommon native species such as Bomhax malaharicum and Celtis 
sinensis performed equally well under urban stresses (Jim 1990d) and in N-deficient 
soils. While native species are becoming popular nowadays in the restoration of 
borrow and landfill areas in Hong Kong, there is no reason why their use in urban 
planting should not be expanded. Of course, fiirther research is needed to explore their 
virtues and suitability. 
In the present study, broadleaf species constituted 77.3% of the tree population 
and the remaining was made up of palm and conifer species (see Table 3.8). This 
finding was comparable to previous tree surveys conducted in urban Hong Kong (Jim 
1994) but contrasted greatly with the study in a private residence in the northwest part 
of the New Territories (Jim 1995). The abundance of broadleaf trees may probably be 
due to its faster growing habit and better shade effect than palms and conifers. 
Conversely, adopting slow growing species of the palm and conifer groups reflected 
the desire to wait for the long-term benefits. 
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Table 3.8 Growth form between street trees and planter trees. 
Street Private Present study�) 
tree(i) residence(】） CD KT WC Average ofplanters 
Broadleaf 69.4 45.7 91.8 72.7 67.2 77.3 
Conifer and related 1.4 41.9 1.1 2.3 1.6 1.6 
Palm and palm-like 29.2 12.4 7.1 25.0 31.2 21.1 
(1) Urban tree survey 1994 (Jim 1994). 
(2) The data refers to the tree survey of private residence (Fairview Park) in the northwest part of the 
New Territories (Jim 1995). 
(3) CD: Central District; KT: Kwun Tong; WC: Wo Che. 
In this category, species of the Caesalpiniaceae family constituted almost one 
third of the total tree population in Central District, 44.3% in Kwun Tong and 49.2% 
in Wo Che. In addition to ornamental property, species of the Caesalpiniaceae family 
are small to medium in size and are suitable for the congested urban environment. 
Cassia surattensis is a showy pleasant tree that seldom exceeds 8 m in height. It is 
excellent for the tiny urban areas where large species are not possible to grow. 
Bauhinia species, one of the most beautiful ornamental trees in Hong Kong, are 
relatively small in size too and have been steadily planted over the years (Jim 1992a). 
Indeed, Bauhinia blakeana is the floral emblem ofHong Kong and the flower has been 
adopted as the logo of the Special Administrative Region (SAR) with effect from 1 
July 1997. ‘ 
On the contrary, species with large size were few in the planter boxes. Ficus 
microcarpa, a big native species in Hong Kong, was only found in Central District (see 
Figure 3.4). It has been used traditionally for amenity planting in southern Chinese 
cities (Jim 1990d). It was mostly planted several decades ago when the city was not 
congested by buildings. Although large trees also possess amenity characteristics and 
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environmental tolerance, huge size renders them difficult to establish or continue to 
survive in the urban areas with limited growth space. Similarly, species with wide 
crown and height exceeding 20 m had fallen out of favour, typical examples being 
Ficiis microcarpa and Delonix regia. That explains partly why Ficus microcarpa was 
not encountered in Kwun Tong and Wo Che, which were developed later than Central 
District. 
Palmae species accounted for one third and one fourth of the total tree 
population in Kwun Tong and Wo Che, respectively, but only 7.1% in Central District. 
This disparity may reflect the different preference of decision-makers in the three sites. 
More importantly, species selection was mostly based on the supply from contractors 
and the species availability of nursery stock (Yeung 1993). Besides, Palmae species 
were mainly found in the less accessible planting place such as central dividers and 
roundabouts of roads. As Palmae species are slow growing and have sparse, upright 
crown, they can add colour and are suitable for areas where traffic obstruction is a 
concern. Roystonea regia is a tropical species, relatively free from arboricultural 
problems and well suited to roadside habitat (Jim 1990d). Hence, Roystonea regia and 
to some extent Archontophoenix alexandrae are commonly found on planters near 
vehicular traffic flow. Conifer constituted a negligible portion of the planter trees. 
Although Pinus massoniana in the countryside suffered from nematode infection in the 
last several decades, there is no reason why the planting of conifers should not be 
expanded to add diversity and tree form to the otherwise monotonous urban areas. 
Pinus massoniana is, however, not a showy tree. 
# 
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Tree height, girth and crown spread may reflect the age of trees, their growth 
conditions, relationships to the immediate growth space and management inputs. As 
mentioned before, the planter trees under investigation were relatively short and small, 
and not many species with large potential size have been planted in the past. Moreover, 
most of the trees were relatively young. Melaleuca quinquenervia can reach a 
maximum height of 10-15 m; however, its average height in the study area ranged from 
4.58 m (Wo Che) to 5.37 m (Central District). These young trees either reflect the 
recent planting effort of the USD or is a result of limited growth space which limits the 
biological maximum dimensions of the trees (Jim 1994). More importantly, this shows 
a shift away from large trees toward small ones (International Society of Arboriculture 
1983; Jim 1992a). Species with large final size are squeezed out by urban 
development. Large species such as Ficiis microcarpa can only be found in the older 
parts of the city. They were mostly planted in the pre-war period and are nowadays 
threatened by redevelopment. However, it is important to maintain existing mature 
trees and protect them from development and other urban pressures. 
The species common to the three sites were Acacia confusa, Aleurites 
moluccana, Bauhinia species, Cassia surattensis, Livistona chimnsis, Macaranga 
.•-••' 
tanarius and Melaleuca quinquenervia. For these trees, they were taller in Central 
District than in Kwun Tong and Wo Che except Livistona chinensis. In addition to 
tree height, the girth is another measure of tree age. The average girth and crown 
spread of trees in Central District were also greater than their counterparts in the other 
two sites. What are the implications? First, the trees in Central District were older. 
Second, the greater crown spread may reflect the greater growth space in Central 
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District (e.g. parks and Statue Square) to allow crown development. Indeed, planters 
in Kwun Tong are mostly located next to industrial buildings. The awnings and water 
towers on the wall of buildings may be a hindrance for trees to reach final height. 
Likewise, crown spread may also be deterred by these facilities. Unbalanced or skewed 
canopy will directly afFect ornamental functions and stabilityof the trees. 
3.4.2 Growth performance and problems 
In general, the growth performance of trees in the three sites was satisfactory 
and trees in Central District grew better than those in Kwun Tong and Wo Che. This 
result is comparable to the finding in England that the highest proportion of trees in 
poor condition was found in industrial sites (Land Use Consultants 1993). 
Post-planting management inputs can alleviate the hostile environment and 
enhance the growth performance of urban greenery including planter vegetation. 
Successful growth and establishment of trees in the urban areas may involve the 
sustained commitments of arboricultural inputs (Jim 1990b). 
Planter greenery in Central District received more intense management care 
than Kwun Tong and Wo Che in terms of fertilization, irrigation and pruning (see 
- ~ ~ — — ^ - . - . � � __—-'• . .,„.... 
N,^ _ _^_, ..^ ^ ^- -^ -.-"--" 
Chapter 2). Fertilization can provide the necessary nutrients for plant growth while 
—"^•-——-..—、—„.一一 —•—、" 
irrigation ensures the vigour of a tree in a disturbed site (Helliwell 1985). Pruning and 
thinning reduce the risk of structural damage caused by overcrowding of the crown 
and water stress OBernatzky 1980). However, as it is difficult to quantify the 
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.management input, statistical correlation cannot be established between the growth 
performance of planter greenery and management inputs. 
Despite the satisfactory growth performance of planter greenery, most trees 
had growth problems in one way or the other. The problems of bro^^g]J)j:aneh*Jtrusk 
- - — — - 一 ‘ — " " " . 一 
cracks, trunk deformity, insect and pest infection, artifacts, tree-tie damages and vandal > ___—-_~ 一一 -.••-"••一~“― "'-'"——•-.- •''—.."•".—"•'—'..--. .._„„-
<sigfls^^[e identified, The most serious problem common to the three sites w^s^^ken 
branches (see Table 3.5). This result agrees reasonably well with another local study on 
roadside trees which suffered mostly from branch breakage and trunk disorder (Jim 
1992a). 
The problem of broken branches is attributed to the location of trees at the 
, \.\ 
inappropriate sites. For instance, Delonix r^a,)which is characterized by brittle and 
^ " ^ ^ — - ^ 一 一 ' 
weeping branches and provides a broad canopy, suffered heavily from branch breakage 
and crown deformity in Kwun Tong as they were located adjacent to industrial 
buildings. 
Hence, growth problem is caused by inadequate and improper arboricultural 
care, inappropriate site selection and mismatching of habitat and species. In recent 
. y e a r s , more emphasis is placed on the quantity of trees planted; however, the quality of 
tree growth should not be overlooked. Trees planted at unsuitable sites would become 
a nuisance to city dwellers and a management burden. 
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Although preventive pesticides had not been used^_insect_and disease problem 
was not serious in the study area. Insect symptoms were only found in Wo Che, where 
< ^ _ 一 广 
• 6.6% of the Bauhinia species were infected. However, insect and disease symptoms 
• — _ _ : ^ ~ ^ ~ ~ -一-- -....一 ‘“‘ 
appeared to be serious in the roadside trees reported by Jim (1992a)，of which 20% of 
Ficus microcarpa, Celtis sinensis and Macaranga tanarius were infected. Moreover, 
the problem may intensify and kill the tree if not properly attended to (Shigo and 
Shortle 1983; Sinclair and Johnson 1987). 
Vandalism is one of the most common problems affecting tree growth, —.一一_-.--^^^--"""“"'~… "•…一 
especially to newly planted trees (Black 1978; Bradshaw and Gilbertson 1985). 
However, Webb (1991) revealed that the incidence of vandalism in Hong Kong is low 
and where it occurs, the cause is often due to poor design and improper maintenance. 
Similarly, vandalism was not serious in the three sites as only 5.1-15.9% of the trees 
were vandalized (see Table 3.5). However, Yeung (1993) showed that vandalism 
accounted for 40% of the death of newly planted trees and tree wound caused by 
different types of vandalism were identified in over 90% of the established trees. It 
clearly indicates that trees in planters are less likely to be vandalized as they are always 
planted in groups of vegetation (Webb 1991). Moreover, planters acting as road 
divider and roundabout are less accessible for people to vandalize. Hodge (1991) 
reported that trees planted in shrub beds grew better and sustained less damage and 
vandalism than trees on pavement planting. 
The percentage of trees in Central District having vandal signs was 5.1% as 
against 15.9% in Kwun Tong and 13.1% in Wo Che (see Table 3.5). The main type of 
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vandalism was to carve something in the bark of a tree. The higher percentage of 
vandalism in Wo Che may probably be due to high concentrations—Qf p e ^ L e j n J ^ ^ 
public housing estates. Besides, a care-free attitude and lower socio-economic status 
‘ .-一一、一 
„,.‘—>^nu^  ^ «.^-~"—-
一〜.一产一 
of the people may increase potential for high mortality (Beatty and Heckman 1981). 
. T h i s is, however, beyond the scope of the present study. 
Urban soils always consist of artificial materials. The amount of surficial 
一二 .—.—“~一—.、.、一••“. •-.-.-.……—•'，'〜〜〜，、,-.'..•+..，〜.一.,.———‘ 
artifacts increased in the order ofWo Che > Central District > Kwun Tong (see Table 
3.5). From observation in the field and experience of the managing staff, littering was a 
serious problem on public holidays in Central District, where gardens and open areas 
are gathering places for thousands ofFilipino maids. Food remains were easily found in 
planters of Central District while both edible and non-edible items such as bricks, 
cement, batteries, papers and plastic bags were dominant in the Wo Che planters. 
Motivating the general public to adopt a positive attitude towards tree care may 
minimize the problems of littering and vandalism. Other problems such as tree tie 
damages were not serious and were mainly caused by the lack of attention on tree 
staking by the workmen. 
In short, Central District experienced fewer growth problems than Wo Che and 
Kwun Tong, possibly due to higher management intensity or better quality 
management (see Chapter 2). Frequent staff patrol may reduce vandalism. Staff 
--.^ _„ „.,^^-^‘—�V^^~-'^ " - - - -- •"�_. 
、、• —‘— -~"―一 
patrolled the sitting-out areas in Central District frequently, but the same practice was 
not seen in Kwun Tong and Wo Che. The author was asked to show her approval 
letter everytime she was doing field work in Central District but never in the other two 
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sites. Besides, frec^nt pmningJn^entrajjDistrict and Kwun Tong reduces the crown 
size of trees thus reducing branch breakage. Greater post-planting care is required for 
corrective works to maintain trees to an acceptable standard (Yeung 1993). 
Growth problems in Wo Che can also be explained by its unique growing 
environment and species composition. The high-rise residential buildings in Wo Che 
was conducive to the stoctural breakage pXMMa^.Clothes fallen from households rest 
on branches of the trees and during retrieval by the owners, many branches could be """*****"*-**.^  "'"*"‘*".^•-."  “ 
damaged. Besides, Bauhinia species, constituting nearly 50% of the total tree 
population in Wo Che, are structurally weak and had long spreading or drooping 
branches which are more amenable to vandalism. 
It was found that species of the Caesalpiniaceae family experienced more 
• -•--〜 -一-“ - - ^ ^ ^ 
growth problems than others while Palmae species were relatively free from these 
,^,,r.^ '^ ^ "^ -'^ «r.«^ ,-.„ 
:^:L_^ 一一“ 
problems. Branches of Delonix regia and Bauhinia species are liable to break off even 
under mild wind conditions. Palmae species are characterized by hardy trunk and 
• sparse canopy which can tolerate strong wind. Besides, palms were strategically 
located at the less accessible planters such as central dividers and roundabouts so that 
vandalism was less likely to occur. At the species level, Aleurites moluccana and 
Melaleuca quinquenervia exhibited the least growth problems probably due to their 
upright trunk and high crown base. 
Likewise, the size of trees is also related to the occurrence of growth problems. 
Large specimen species such as Ficus microcarpa and Delonix regia suffered from 
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structural faults. Larger and older trees interact more intensively with the habitat for a 
longer time and have therefore accumulated more discernible symptoms. Jim (1992a) 
also reported that these two large specimen trees performed quite poorly and suffered 
significantly from branch breakage and trunk disorders. Ficus microcarpa and Delonix 
regia, characterized by buttress root system, required more growth space as compared 
with other species and posed constraint to their use in the high-density city (Jim 1990d 
and 1992a). . 
3.5 Conclusion 
From findings of the present experiment, several conclusions can be drawn: 
1. Trees, shrubs and ground cover were present in each of the three sites. 
2. Central District had a more diverse tree inventory (18 species of 11 families) 
than Kwun Tong (14 species of 8 families) and Wo Che (11 species of 7 
families). Despite the species diversity, each of the sites was dominated by a 
few species. The top ten species accounted for 87%, 92% and 98% of the total 
tree population in Central District, Kwun Tong and Wo Che, respectively. / 
Moreover, most of the species are exotics (55.8-69.4%) and broadleaf (67.2-
91.8%). The species common to the three sites were Acacia confusa, Aleurites 
moluccana, Bauhinia species, Cassia surattensis, Livistona chinensis, 
Macaranga tanarius and Melaleuca quinquenervia. 
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There were more shrub species in Central District (13) than in Kwun Tong (11) 
and Wo Che (4). The shrub species were different among the three sites and 
only Rhododendron farrerae, Rhododendron pulehrum and Rhododendron 
simsii were common to Kwun Tong and Wo Che. 
For ground cover, Central District had more species (3) than Kwun Tong (2) 
and Wo Che (1) while Wedelia chinensis was the only species common to the 
three sites. The coverage of ground cover decreased in the order of Kwun 
Tong > Wo Che > Central District. 
3. Overall, trees in the planters were small in size when compared to the final 
height of the species. For instance, the height of Acacia confusa was 4.24-7.86 
m, against a final height of 15 m. For the species common to the three sites, 
they were taller in Central District than in Kwun Tong and Wo Che except 
Livistona chinensis. Similarly, the mean values of girth and crown spread of 
species in Central District were higher than that ofKwun Tong and Wo Che. 
4. The overall growth performance of trees was satisfactory. Trees in Central 
District grew better than those in Kwun Tong and Wo Che as a result of higher 
management intensity or better quality management. Broadleaf species such as 
Aleurites moluccana and Melaleuca quinquenervia performed the best, 
characterized by narrow and upright canopy which was suitable for the 
cramped urban environment. The Palmae species of Archontophoenix 
alexandrae and Roystonea regia had good growth too and, with hardy trunks 
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and sparse crown, were less subject to branch breakage and vandalism. 
Conversely, Delonix regia and Ficus microcarpa were in fair growth 
conditions and suffered heavily from branch breakage. 
5. Generally, trees in Central District had less growth problems than in Kwun 
Tong and Wo Che. Broken branch was the dominant problem found in the 
three sites, averaging 27.6% in Central District, 34.1% in Kwun Tong and 
55.7% in Wo Che. Trunk cracks ranked second at 15.3-27.9%. Vandalism was 
less serious in Central District than Wo Che and Kwun Tong. However, the 
problem of artifacts was serious in Wo Che (44.0%) and Central District 
(21.0%) but not in Kwun Tong (11.0%). Trees with pest problems were only 
found in Wo Che. Other problems such as tree tie damages or trunk deformity 
were relatively minor. 
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CHAPTER 4 
SELECTED PROPERTIES OF PLANTER SOILS 
4.1 Introduction 
Soils provide water, nutrients, air and mechanical support for vegetation. 
Urban soils do not always develop in sitii\ instead, many are made of exotic materials 
of a diverse origin. These materials could have developed from different parent rocks, 
undergone different weathering stages and been subjected to a variety of other uses 
(Bradshaw 1983). They are unique growth materials which warrant special attention of 
the landscape architects, arborists and the like. 
Under natural conditions, plants absorb nutrients and water from a bulk matrix 
of soils (Brady 1990) whereas in an urban setting the soils are characterized by limited 
volume (Craul 1985). This makes plant growth difficult and the supply of nutrients and 
water must be replenished periodically. Impens and Delcarte (1979) pointed out that 
soil conditions caused a high death rate among young trees in Brussels of Belgium. In 
Hong Kong, urban soil problem also led to massive mortality of plants belonging to 
different growth forms within the first year of planting (Jim 1993). As aforesaid in '' 
Chapter 1 urban soil studies are limited in Hong Kong, let alone studies on planter 
soils. The quality of planter soils affects directly the growth performance of the 
greenery, yet their properties are anybody's guess. Are planter soils different from 
ordinary street soils? 
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In Hong Kong the topsoil used in landscape planting is decomposed granite 
(Webb 1991). This is, however, a loosely defined term because it can refer to any soil 
materials supplied by the contractors. Although they have to meet specifications 
detailed in the tender, they mostly deal with pH, organic matter, total nitrogen and 
potassium at the time of planting. Likewise, there is neither any record of the source of 
the planter soils in the study area nor any monitoring of the soils after planting. What 
we do know is a difference in management intensity between the three sites (see 
Chapter 2). Do these soils contain optimal levels of plant nutrients? 
Because of their diverse origin, urban soils are characterized by vertical (Craul 
1985) and spatial (Berrang et al. 1985) variability. While the causes of this are well 
documented in the literature (Patterson 1977; Craul and Klein 1980; Voelchker and 
Dinsdale 1989; Craul 1992; Pulford 1991), the implications with respect to 
management have not been adequately addressed. For instance, how will the so-called 
lithologic discontinuity (Craul 1992) affect the rooting behaviour of the plants? 
Likewise, if spatial variations do occur in properties of the planter soils under 
investigation, what constraints will this pose on the fertilization programme? 
j^ 
Recognizing the above knowledge gap, the present experiment investigates the 
properties of planter soils in Central District, Kwun Tong and Wo Che. The main 
objectives are two-fold: (1) to document the nutrient supplying capacity of these soils, 
and (2) to generalize some common characteristics of the planter soils unique to this 
environment. Findings from this experiment will answer the following specific 
questions: 
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1. Are the planter soils acidic or alkaline in reaction? 
2. Do the planter soils contain optimal levels of organic matter, total nitrogen, 
total phosphoms, exchangeable K, Na, Ca and Mg? 
3. What percentages of the total nitrogen and phosphorus pools are present in 
mineral forms? 
4. Are there any intra-layer differences in soil properties for each of the site and, if 
yes, what is the magnitude of difference? 
5. Do soils vary greatly within a site and, if yes, by what magnitude? 
6. How will the different management intensity and approach affect the properties 
of these planter soils? 
4.2 Methodology 
4.2.1 Sampling 
Soil samples were collected in March 1996. Stratified random sampling was 
adopted for Central District and Kwun Tong while random sampling was adopted for 
Wo Che. In so doing, planters representing different environments in Central District 
and Kwun Tong were covered. Twenty sampling points each from Central District, 
• Kwun Tong and Wo Che were selected and they overlapped with those from which the 
planter greenery was surveyed (see Chapter 3). From each sampling point, soil samples 
were collected at 0-10 cm and 10-30 cm depths. As urban soils are heterogeneous in 
nature, composite sampling was used to reduce variations of the analytical results. This 
involves the collection and mixing of four equal weight subsamples from each of the 
sampling point (Ruark et al 1982; Jones 1985). 
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Five additional samples were collected at 30+ cm depth, randomly selected 
within the twenty sampling points from each of the three sites. The purpose was to 
understand more the properties of the soils close to bottom of the planters. It was 
replicated 5 times only due to manpower and labour constraints. Altogether there were 
45 samples from each site. The samples were returned to the laboratory, air-dried at 
room temperature and passed through 2 mm sieve for the determination of texture, pH, 
, a n d exchangeable K, Na, Ca and Mg. A subsample of the <2 mm fraction was further 
ground to pass a 0.25 mm sieve for the analysis of organic carbon, total Kjeldahl 
nitrogen and total phosphorus. For chemical analysis of NH4, NO3 and PO4, fresh 
samples were used and separately stored in the refrigerator at 4±l°C after passing 2 
mm sieve. 
4.2.2 Soil texture 
Soil texture was determined by the Bouyoucos hydrometer method, and results 
were expressed as percentages of sand, silt and clay (Allen 1989). The textural class 
recommended by the International Soil Science Society was followed as below: 
Fraction Particle Size, mm 
Sand 2.0-0.02 
Silt 0.02-0.002 ’ 
Clay <0.002 
4.2.3 Soil reaction 
Soil pH was measured by mixing 15 grams of 2 mm air dry soil with distilled 
water at a soil:water ratio of 1:2.5 (w/v). After shaking for 10 minutes and standing for 
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30 minutes, the supernatant liquid was measured for pH by use of an Orion 
Expandable Ion Analyzer. 
4.2.4 Organic carbon 
Organic carbon was determined by the Walkley-Black partial oxidation 
method. Due to the high organic carbon content of the soil under investigation, 0.3 
, gram of 0.25 mm air dry soil was used. Potassium dichromate and concentrated 
sulphuric acid were used in the oxidation of organic matter (Jackson 1958) before 
titration with ferrous sulfate heptahydrate, using o-Phenanthroline-ferrous complex as 
indicator. Soil organic matter (SOM) content was estimated by multiplying the organic 
carbon content with a factor ofl .724 (Chaney and Swift 1984). 
4.2.5 Total Kjeldahl nitrogen (TKN) 
The Kjeldahl digestion method was used in the determination of total nitrogen. 
1 gram of 0.25 mm air dry soil was digested in sulphuric acid by use of the Tecator 
DS20 digestor block, with the additions of copper sulphate as catalyst and potassium 
sulphate to raise the boiling point (Manufacturer's manual). Free ammonia was 
liberated from the digest by steam distillation in the presence of excess alkali with the 
.^> 
use of Tecator Kjeltec 1026 distillation assembly. The distillate was collected in a 
receiver containing excess boric acid and total nitrogen was determined titrimetrically, 
using 0.0 \M hydrochloric acid. 
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4.2.6 Mineral nitrogen (ammonium and nitrate nitrogen) 
Ammonium nitrogen OSfflU) and nitrate nitrogen (NO3) were determined 
colorimetrically. Due to the low mineral nitrogen content of the local soils, 10 grams of 
2 mm fresh soil were extracted with 7M potassium chloride. After shaking for an hour, 
the extract was filtered through Whatman 44 filter paper. The filtrate was determined 
colorimetically after addition of sodium citrate, sodium salicylate, sodium tartrate, 
‘ s o d i u m nitropmsside, sodium hydroxide and sodium hypochlorite solution for NH4, 
and addition of sodium hydroxide and salicylic acid for NO3 (Anderson and Ingram 
1989). NH4 and NO3 were detected by use of the Milton Roy Spectronic 3000 Array 
Spectrophotometer at absorbance readings of 655 nm and 410 nm, respectively. 
4.2.7 Total phosphorus 
0.3 gram of 0.25 mm air dry soil was digested in mixed acids of perchloric acid, 
nitric acid and sulphuric acid at a ratio of 1:5:0.5 (Allen 1989). The molybdenum blue 
method was used for the determination of total phosphorus. Absorbance was read at 
700 nm by use of the Milton Roy Spectronic 3000 Array Spectrophotometer. 
4.2.8 Available phosphorus 
Available phosphorus was determined by Troug ‘ s method, which is 
particularly suitable for acid soils (Allen 1989). 10 grams of 2 mm fresh soil were 
extracted with 0.001M sulphuric acid buffered at pH 3. After shaking for 30 minutes, 
the extract was filtered through Whatman 44 filter paper. The filtrate was then used for 
the determination of available phosphorus by the molybdenum blue method, using 
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stannous chloride as reducing agent. Absorbance was read at 700 nm by use of the 
Milton Roy Spectronic 3000 Array Spectrophotometer. 
4.2.9 Exchangeable K, Na, Ca and Mg 
5 grams of 2 mm air dry soil were extracted with 100 ml \M ammonium 
acetate at pH 7 for the determination of exchangeable K, Na, Ca and Mg. After 
^ shaking for one hour, the extract was filtered through Whatman 44 filter paper. The 
filtrate was then analyzed for K, Na, Ca and Mg by use of the Varian Spectr AA-300 
Atomic Absorption Spectrophotometer. 
4.2.10 Carbon : nitrogen ratio 
Carbon : nitrogen ratio was obtained by dividing organic carbon by total 
Kjeldahl nitrogen. 
4.3 Statistical analysis 
Statistical analysis was performed by using the statistical package SPSS (for 
‘Windows). The difference of each parameter among Central District, Kwun Tong and 
Wo Che was tested by Duncan ‘ s Multiple Range Test. Intra-layer differences of soil 
properties were not tested because of their related nature down the profile (Little and 
Hills 1978). The significance level of all the tests was set at confidence limit of p<0.05, 
unless otherwise indicated. 
In view of the inherent variability of the data, range values were also reported 
in the results section, details of which were summarized in Appendix 4.1. 
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4.4 Results 
4.4.1 Soil texture 
The planter soils were predominantly sandy loam, consisting of over 66% sand, 
11.5-17.7% silt and 10.5-15.8% clay (Table 4.1). Intra-layer difference of texture was 
not observed in the three sites. 
\ 
Table 4.1 Texture of planter soils*. 
Central District Kwun Tong Wo Che 
~~0^ 10-30~~~30+ 0- 10-30 30+ ~~~0^ 10-30~~~30+ 
‘ 10 cm cm cm 10 cm cm cm 10 cm cm cm 
Sand (%) W r ~ ~ 6 ^ ~ ~ 7 L ? ~ ~ W ^ ' 6^3 ' 7 ^ 7 ^ ~ ~ 7 2 ^ ~ ~ 7 3 . 3 ' 
(10.2) (8.4) (10.7) (7.9) (12.4) (12.8) (11.8) (12.7) (11.2) 
Silt (%) 14.3' 17.r 16.9' 13.3' 16.0' 11.5' 15.7' 16.8' 15.5' 
(3.8) (3.7) (2.2) (2.4) (1.1) (3.9) (1.7) (2.8) (2.7) 
Clay (%) 15.0' 15.8' 11.9' 14.7' 15.7' 11.9' 10.5' 10.6' 11.2' 
(4.5) (3.9) (3.6) (3.2) (1.8) (2.7) (1.6) (2.1) (1.8) 
*Five samples of each soil layer for each site were analysed for soil texutre due to low variation of soil 
physical properties. 
For each column, values sharing the same letter are not significantly different at the p<0.05 level by 
Duncan's Multiple Range Test. Values in parenthesis represent standard deviation. 
4.4.2 Soil pH 
Soil pH fluctuated greatly between sites and with depths. For the 0-10 cm 
layer, the soils were acidic to slightly acidic in reaction, pH ranging from 5.61 to 6.40 , 
(Table 4.2). It decreased in the order ofKwun Tong, Wo Che > Central District. The 
top 10 cm soils in Central District was significantly more acidic than those in Kwun 
Tong and Wo Che. 
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Table 4.2 pH of planter soils. 
Central District Kwun Tong Wo Che 
0-10 cm 5.61^(0.74) 6.40^(0.79) 6.32^(0.63) 
10-30 cm 6.45^(1.09) 7.09^(0.86) 6.7r(0.98) 
30+ cm 7.07^(0.95) 7.96^(0.27) 7.0r (0.76) 
For each row, values sharing the same letter are not significantly different at the p<0.05 level by 
Duncan's Multiple Range Test. Values in parenthesis represent standard deviation. 
» Soil pH increased with depths and the magnitude of increase was more 
obvious in Central District and Kwun Tong than in Wo Che. For the 30+ cm layer, all 
the soils were alkaline, averaging 7.01 for Wo Che, 7.07 for Central District and 7.96 
for Kwun Tong. 
4.4.3 Organic matter 
Pronounced variations in SOM occurred between sites and depths. Overall, the 
Kwun Tong soil was richer in organic matter reserve than the other 2 sites in both the 
0-10 cm and 10-30 cm layers. At 30+ cm layer, however, SOM was comparable 
among the three sites (Table 4.3). 
Table 4.3 Organic matter and TKN (%) of planter soils. 
SOM TKN 一 
CD KT WC CD KT WC 
0-10 cm 3.45'^ 3.91' 3 ^ 0.12' o I F 0.13'~~~ 
(1.22) (1.20) (0.84) (0.05) (0.07) (0.03) 
• 10-30 cm 1.58b 2.10' 0.97' 0.06'^ 0.07^ 0.04' 
(0.60) (1.17) (0.26) (0.02) (0.06) (0.01) 
30+ cm 0.6r 1.84' 0.78' 0.02' 0.07' 0.02' 
(Q.59) (1.47) (0.26) (Q.Q2) (0.10) (0.01) 
CD: Central District; KT: Kwun Tong; WC: Wo Che 
For each row, values sharing the same letter are not significantly different at the p<0.05 level by 
Duncan's Multiple Range Test. Values in parenthesis represent standard deviation. 
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SOM decreased with depths and the magnitude of decrease was greater in 
Central District and Wo Che than in Kwun Tong. In Central District, for instance, 
• SOM decreased progressively from 3.45% in the top 10 cm layer to 1.58% in the 10-
30 cm layer and 0.61% in the 30+ cm layer. In Kwun Tong, however, SOM at 30 cm 
or below was halved (1.84%) against the uppermost layer (3.91%). 
« 
4.4.4 Total Kjeldahl nitrogen 
The planter soils contained 0.02-0.13% TKN, regardless of site and layer 
differences (Table 4.3). There were no differences at the 0-10 cm and 30+ cm layers 
between sites. In the 10-30 cm layer, however, the soils of Central District and Kwun 
Tong contained significantly more TKN than their counterparts in Wo Che. 
TKN in the three sites decreased with depths, averaging 0.11-0.13% in the 0-
10 cm layer and the magnitude of decrease at the 30+ cm layer was less obvious in 
Kwun Tong than in Central District and Wo Che. At 10-30 cm depth, TKN ofCentral 
District and Wo Che decreased by 50% and 69% against the uppermost layer. 
The C:N ratio of planter soils for the upper two layers in Kwun Tong was ‘ 
higher than that of Central District and Wo Che (Table 4.4). C:N ratio increased with 
depths in Wo Che, decreased in Kwun Tong and remained relatively constant in 
Central District. 
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Table 4.4 C:N ratio of planter soils. 
Central District Kwun Tong Wo Che 
0-10 cm p7 ^ i l 
10-30 cm i6 i9 i6 
30+ cm fs i^ 24 
4.4.5 Ammonium nitrogen and nitrate nitrogen 
», 
NH4 levels were not significantly different between the same layer of the three 
sites (Table 4.5). NO3 levels (0.16-0.55 i^g g'^ ) were much lower than NH4. Again， 
there were no significant differences between the sites for the 10-30 cm and 30+ cm 
layers. In the uppermost soil layer, Kwun Tong (0.55 [ig g"^ ) contained significantly 
more NO3 than Wo Che (0.30 i^g g^). 
Table 4.5 Ammonium and nitrate nitrogen ( i^g g'^) of planter soils. 
NH4 NO3 
CD KT WC CD KT WC 
“0 -10 cm 9 ^ 8 ^ 9 J p o l P 0.55^ 0.30'~~ 
(12.54) (13.36) (15.83) (0.36) (0.31) (0.18) 
10-30 cm 1.98' 2.80' 3.0T 0.45' 0.35' 0.36' 
(2.84) (4.39) (5.07) (0.45) (0.19) (0.25) 
30+ cm 1.77' 0.15' 0.54' 0.16' 0.25' 0.20' '' 
(2.52) (0.39) (1.20) (0.10) (0.19) (0.03) 
CD: Central District; KT; Kwun Tong; WC: Wo Che 
For each row, values sharing the same letter are not significantly different at the p<0.05 level by 
Duncan's Multiple Range Test. Values in parenthesis represent standard deviation. 
Intra-layer difference of NH4 and NO3 was observed in all the sites, both 
decreasing with depths. Overall, the decrease was against the uppermost layer more 
abrupt in the 30+ cm layer than the 10-30 cm counterparts. 
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Table 4.6 Mineral nitrogen as % ofTKN in planter soils. 
Central District Kwun Tong Wo Che 
0-10 cm ^ OM 0 ^ 
10-30 cm ^ ^ 0 ^ 
30+ cm ^ OM o J l 
N was mostly present in organic form; mineral N (NH4 and NO3) constituted 
less than 1% of the total nitrogen pool (Table 4.6). Mineral nitrogen percentage largely 
decreased with depths, except the 30+ cm layer in Central District. NH4 accounted for 
73-97% of the mineral nitrogen, except the 30+ cm layer (38%) ofKwun Tong. 
4.4.6 Total phosphorus and available phosphorus 
Pronounced variations occurred in total phosphorus between sites and layers. 
In general, the planter soils in Kwun Tong contained less total phosphorus than Central 
District and Wo Che although significant difference was only detected in the 
uppermost layer (Table 4.7). In the 10-30 cm and 30+ cm layers, total P levels were 
comparable between Kwun Tong and Wo Che. 
Available phosphorus followed closely the pattern of total phosphorus (Table '; 
4.7). Again, Kwun Tong planter soils contained less available P than Central District 
and Wo Che in the upper two layers. At 30+ cm, there were no differences between 
sites. 
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Table 4.7 Total phosphorus and available phosphorus (昭 g'^) of planter soils. 
TP A ^ 
“ C D 5 o w c CT iCT ^ ~ 
0-10 cm 105.70b 36.60' 131.78^ ^ W L 5 p O T ^ ~ 
(30.23) (28.78) (76.45) (4.09) (1.73) (7.94) 
10-30 cm 77.O3b 30.40' 47.60' 4.10^ 0.80' 2.93'^ 
(31.58) (26.65) (30.78) (3.69) (1.18) (4.66) 
30+ cm 34.94a 34 80' 39.35' 1.76' 0.40' 2.45' 
(23.45) (35.04) (17.56) (2.62) (Q.6Q) (3.37) 
CD: Central District; KT: Kwun Tong; WC: Wo Che 
For each row, values sharing the same letter are not significantly different at the p<0.05 level by 
Duncan's Multiple Range Test. Values in parenthesis represent standard deviation. 
Total phosphorus decreased with depths and intra-layer difference of the 
element was more obvious in Central District and Wo Che than in Kwun Tong. In 
Central District and Wo Che, total phosphorus at 30+ cm depth amounted to one 
fourth that of the uppermost layer. Intra-layer difference was inconspicuous in the 
Kwun Tong soils, ranging 30.42-36.32 i^g g'\ Available phosphorus followed closely 
total phosphorus in vertical distribution. 
Table 4.8 Mineral phosphorus as % of total phosphorus in planter soils. 
Central District Kwun Tong Wo Che 
0-10 cm 7 ^ 4 ^ K n 
• 10-30 cm 5 ^ ^ ^ 6 
30+ cm 5 ^ TTs ^ 
As shown in Table 4.8, phosphorus was mostly in organic form and mineral P 
constituted only 1.15-7.65% of the total pool. Mineral P percentage decreased with 
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depths in Central District and Kwun Tong but intra-layer difference of mineral P was 
not obvious in Wo Che. 
4.4.7 Exchangeable cations 
Exchangeable cations in the planter soils decreased in the order of Ca > Mg > 
K > Na. Exchangeable Ca constituted ove�80 % of the total bases (K+Na+Ca+Mg) in 
the three sites. 
In the 0-10 cm layer, exchangeable K decreased in the order of Wo Che > 
Kwun Tong > Central District (Table 4.9). For rest of the layers, however, there were 
no significant differences between sites. The element largely decreased with depths, 
being more obvious in Kwun Tong and Wo Che than in Central District. 
Exchangeable Ca in planter soils of Kwun Tong was higher, though not 
significant, than that of Central District and Wo Che (Table 4.9). Intra-layer 
differences in soil Ca were profound, largely increasing with depths. In Kwun Tong 
and Wo Che, exchangeable Ca in the 30+ cm layer was twice that of the top 10 cm 
layer. Conversely, the magnitude of increase with depth in Central District was smaller. 
There were no significant differences in exchangeable Mg in the 0-10 cm and 
30+ cm layers. In the middle layer, however, soils of Central District contained 











































































































































































































































































































































































































































































The level of exchangeable Na was lowest among the base elements and there 
were no significant inter-layer differences between sites. There was a decrease of Na 
with depths for all the sites. 
4.5 Discussion 
The properties of soils are a product of climate, organisms, relief, parent 
materials and time (Jenny 1941; Brady 1990). As aforesaid, planter soils are 
transported materials of diverse origin, the inherent properties of which were not 
documented in the planting records. What we do know is that they were mostly 
decomposed granitic materials which were amended with organic additives before 
planting. Under the confined and stressful urban environment, the soils are subjected to 
the influence of greenery and anthropogenic inputs. The discussion below therefore 
focuses on existing properties of the planter soil, with special emphasis on their 
nutrient status and relationships with management intensity. Suggestions are also made 
for improvement of the management programme, where appropriate. 
4.5.1 Comparison with other studies 
Planter soils are confined planting medium different from ordinary roadside '" 
soils of an urban area. While a knowledge of their properties is essential to routine 
maintenance of the greenery, a comparison with similar soils will add dimensions in 
understanding more their nutrient status and common problems. The comparison 
below is made against street and park soils in Hong Kong, as well as planter and mall 











































































































































































































































































































































































































































































































































































































































































































































































































































































The planter soils under investigation contained over 66% sand, being higher 
than the Mall soils (49.2%) in Washington D.C. but lower than the urban roadside 
(83.2%) and park (>75%) soils in Hong Kong. Sandy soils depend largely on organic 
matter to provide cation exchange capacity and better water holding capacity (Sand et 
a l 1979). Although the planter soils contained higher proportions of silt and clay than 
ordinary urban soils in Hong Kong (Yeung 1993), the SOM content was considerably 
low under the confined environment. At the 0-10 cm layer, however, the range of 
3.05-3.91% is comparable to the park soils (3.17-4.65%) reported by Lai (1994). 
Overall, organic matter content of the planter, urban roadside and park soils in Hong 
Kong is higher than that of the Mall soils in the U.S.A.. 
Nitrogen is an essential nutrient to plant growth, yet it was not reported in the 
Mall (Short et aL 1986) and Geneva planter soils (Kelsey and Hootman 1990). 
Inadequate nitrogen is a common problem of sandy soils. In Hong Kong, TKN content 
of the planter soils (0.02-0.13%) is lower than the urban (0.18%) and park (0.23-
0.60%) soils. Considering Yeung's study (1993) on urban soils dealt with the upper 20 
cm layer, the planter soils contained only meagre TKN and needless to say, the level 
fell behind further against the park soils. ' 
Phosphorus concentrations varied tremendously with depths and sites in the 
Hong Kong planter soils. In the top 30 cm layer, P concentrations of the Central 
District and Wo Che planters (47.60-131.78 昭 g^) were higher or comparable to that 
of the Mall soils (50.20 ^g g^) in the U.S.A., as well as the urban (42.90 \xg g]) and 
82 
park soils (<0.02 i^g g'^) in Hong Kong. Overall, the local planter soils contained 2-7 
times more phosphorus than its counterparts in the U.S.A. (Kelsey and Hootman 
1990)., 
The planter soils in Hong Kong contained lower levels of exchangeable K, Na 
and Mg than the Mall and planter soils in the U.S.A., possibly due to a higher leaching 
potential of the tropical environment. For exchangeable Ca, only the 30+ cm layers of 
Kwun Tong and Wo Che (14.70-15.44 cmol kg�i) yielded comparable results against 
the planter soils (14.69 cmol kg "^ ) in Geneva (Kelsey and Hootman 1990). Despite 
this, overall concentrations are comparable to that of the Mall soils in the U.S.A.. A 
comparison against the local urban and park soils cannot be made due to an absence of 
data, except exchangeable K which, for reasons unknown, is 40-68 times higher than 
the planter soils (Table 4.10). 
Most studies reported that urban soils have an elevated pH (Craul 1992). pH of 
the planter soils (5.61-7.96) agreed reasonably well with that of the Mall soils in 
Washington D.C. (6.39) and urban soils (6.04) in Hong Kong, but was relatively low 
against the planter soils in Geneva (8.50) of the U.S.A.. The upper limit of the pH in 
the local planter soils is recorded in the 30+ cm layers，possibly due to the dissolution 
and accumulation of alkaline products from the planter walls. The lower pH associated 
with the upper soil is sustained by the use of ammoniacal fertilizers which produces an 
acidification effect. This will be discussed in section 4.5.2. 
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To sum up, the planter soils under investigation are largely comparable to the 
local urban roadside and park soils in texture and pH, but are much lower in SOM and 
TKN. They contain lower levels of exchangeable K，Na and Mg against the Mall and 
planter soils in the U.S.A. too. Are these parameters optimal to greenery growth? This 
will be discussed in the following sections. 
4.5.2 Are the planter soils optimal in pH, phosphorus and exchangeable 
cations? 
Many studies find that urban soils are a poor planting medium, what about the 
planter soils? One way to ascertain this is to evaluate the fertility level against some 
acceptable standards, as represented by Landon's rating (1991) and critical levels 
adopted by the Crop Nutrition Unit of the Agriculture and Fisheries Department 
(AFD) in Hong Kong (Table 4.11). There are some limitations to this kind of 
comparison because only static properties are involved while soils are inherently 
dynamic in seasonal fluctuations. However, an interpretation of the data in conjunction 
with management practices is still useful in understanding the unique soil processes of 
the planter environment. Overall, the planter soils are characterized by optimal pH， 
contain adequate levels o fP and exchangeable Ca, but marginal in exchangeable K and ‘ 
Mg concentrations. 
Soil pH is an important indicator of the fertility index and because the planter 















































































































































































































































































































































































































































































































































































































































































































































layers and between sites. As seen from Table 4.11, the planter soils are slightly acidic 
(5.61) to slightly alkaline (7.09) in reaction. For most plants, a pH range of 6.0-7.5 
requires no special treatments and hence poses no major growth problems. It is 
therefore fairly safe to conclude that the top 30 cm soils are characterized by optimal 
pH, when compared against the rating of Landon (1991) and AFD. This is a 
remarkable achievement considering the fact that pH of the unamended decomposed 
granite ranges 4.49-4.74 (Fung 1995; Tsang 1997). While pH of the original soil mix 
was largely conjectural, the measured range of 5.61-7.09 represents an equilibrium 
resulted from fertilizer application, organic amendment and the dissolution of alkaline 
substances from the concrete planter walls. Greensome, Gold-N and Nitrophoska 
fertilizers used in the three sites contain either ordinary or sulphur coated urea 
(S.C.U.), which hydrolyses to NH4+ ions and lowers the pH. Similar effects are caused 
by diammonium phosphate and sulphur contained in the fertilizers. Besides, peat moss 
added as topdressing material to the Central District planters is strongly acidic, with a 
pH of 3.5. Because of this, alkaline substances such as calcium carbonate solubilized 
from the planter walls (Messenger 1986; Ware 1990) are likely to be counteracted by 
the added ammoniacal fertilizers and peat moss. 
There is, however, cause for concern with regard to some extreme pH 
conditions detected in the study area. For instance, extreme pH values of 3.81 and 
8.25 were separately recorded in Central District and Kwun Tong (see Table 4.2 and 
Appendix 4.1). Given the low SOM and clay contents, the soils are not likely to be 
well buffered against pH changes. Overdose of ammoniacal fertilizers or inadequate 
measures taken to combat alkalinity will result in extreme pH conditions that can affect 
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the bioavailability of nutrients and growth of the deep-rooted species. The need for 
continuous monitoring of the soils and implications arising from this variability will be 
further ^iscussed in the concluding chapter. 
Total phosphorus is not a good indicator of its bioavailability in soils and the 
more reliable forms have been discussed by Russell (1973). Under the existing pH 
range of 5.61-7.09, there should be minimal fixation of the element by A1, Fe and Mn 
as in acid soils (Brady 1990) and by Ca as in strongly alkaline soils (Craul 1992). The 
planter soils contained 30.42-131.78 fig g'^  total phosphorus, which is above the 
critical level adopted for the local environment by AFD (Table 4.11). Phosphorus is 
replenished in fertilizers including bone meal, Greensome and Nitrophoska. Despite 
this the planter soils are not completely free of phosphorus supply problems. While 
monthly application in Central District may have exceeded the limit needed by plants, 
total P in the Kwun Tong soils (30.40-36.60 pig g"^ ) approaches the lower limit of the 
critical level. Besides, there could be a temporary shortage of available phosphorus 
under the extreme soil pH of3.81 and 8.25. 
The planter soils contained 5.96-15.44 cmol kg'^  exchangeable Ca, as against -
3.31-3.48 cmol kg"^  reported for unamended granitic soil (Fung 1995). Unlike other 
nutrient elements, its concentration decreases with depths. Apart from the lime added 
before planting, Ca can also be derived from the gravels, rubbles and concrete planter 
walls (Short et al 1986). Leaching and surface acidification of ammoniacal fertilizers 
may account for its accumulation down the soil profile. Because of this, available P can 
be rendered unavailable to the deep-rooted trees after forming complexes with Ca at 
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pH above 7.5 (Brady 1990). The correction of soil pH down the profile therefore 
warrants further investigation. 
K and Mg levels in the planter soils are sustained by the additions of 
Greensome and Nitrophoska fertilizers because litters produced by the above-ground 
vegetation are not cycled, as in natural ecosystems. As mobile elements, particularly K, 
they are easily leached from sandy soils with little organic matter. Besides, plants 
absorb more K than needed while Mg deficiency in alkaline soils dominated by Ca is 
not uncommon (Craul 1992). Because of this, the planter soils contain only low to 
adequate levels o fK and Mg. A review of the fertilizer programme is also necessitated 
by the fact that only Nitrophoska used in Wo Che contains 2% MgO. Greensome and 
Gold-N contain no Mg in their formulation. Plants suffering from K deficiency will not 
be able to withstand cold temperatures in winter (Beard 1973) whereas Mg deficiency 
will lead to yellowing of the mature leaves (Tisdale et al 1985). 
4.5.3 Deficiencies of SOM, TKN and mineral N 
The planter soils under investigation contain 0.97-3.91% organic matter, 
decreasing consistently with depths. In the top 10 cm layers, SOM amounted to 3.05-
3.91% which is well above the rating used by AFD but falls outside the critical limit of 
Landon (1991). Why is there a discrepancy in the critical level of SOM between the 
two ratings? There is no easy answer to this question except that they may apply to 
different crops and environments. While most studies reported that organic matter of 
urban soils was mostly low to inadequate for plant growth (Pulford 1991; Craul 1992), 
do the planter soils then contain adequate levels of organic matter? 
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To answer this question, we have to consider three criteria. First, SOM varies 
considerably with depths in the planters which support not only ground covers but also 
deep-rooted shrubs and trees. Second, sandy soils are poor in nutrient- and water-
holding capacity. Third, there is only limited supply of litter materials to the planter 
boxes and decomposition of organic matter in this tropical environment is faster than in 
the temperate latitudes. It is therefore fairly safe to conclude that the planter soils do 
not contain adequate levels of organic matter and the desirable range suggested by 
Yeung (1993)is 7-10%. 
Although there are no planting records of the sites, organic matter content of 
the soil mix at the time of planting could probably be elevated to 7.5% with the 
addition of organic compost, as specified in the tender specifications. Since then SOM 
underwent oxidation and reached its present level. Given the additions of peat moss 
and wood chips, at least in Central District and Kwun Tong (see Chapter 2), why is the 
overall SOM level so low in the soils? The likely causes include (a) inadequate amount 
of organic compost added to the planter soils, and (b) the well-aerated soil favours 
rapid oxidation of organic matter. The dynamics of SOM accumulation therefore 
deserves further study because its effect on water retention and release, and fertilizer 
efficiency in a confined environment is least known in the literature. Inter-site and 
intra-layer variability of SOM and their implications on management will be addressed 
in the concluding chapter. 
Nitrogen is the most important nutrient for plant growth (Bradshaw and 
Chadwick 1980; Capel 1980; Gilbertson and Bradshaw 1985) and the critical level in 
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soil is 0.2% (Table 4.11). According to Landon (1984), a level ofO.2-0.5% is suitable 
for crop production in the tropics. With a measured range of 0.04-0.13%, the planter 
soils under investigation were therefore deficient in TKN (Table 4.11). The deficiency 
affects not only foliage colour of the greenery but also green up rate of the pruned 
shrubs such as Acalypha wilkesiana, Euphorbia pulcherrima, Hibiscus rosa-sinensis 
and Hydrangea macrophylla. Can TKN deficiency be accounted by the low SOM? 
Although SOM is the store house of TKN, it is only true in unfertilized soils. 
The planters under investigation are replenished with nitrogen-rich fertilizers including 
Greensome, Gold-N and Nitrophoska yet TKN levels remain low in the soils. Why is 
this the case? The added nitrogen can be taken up by plants, adsorbed by colloids, 
immobilized by soil micro-organisms, and lost in leaching and denitrification (Haynes 
1986; Bell and Binkley 1989). Of these only the portions taken up by plants, and lost in 
leaching and denitrification will account for the low TKN in soils. While denitrification 
is beyond the scope of the present study, plant uptake and leaching of nitrogen will be 
estimated in Chapter 5. 
In the planter soils, mineral N (NH4 and NO3) accounted for less than 1% of 
the total nitrogen pool in each of the sites (see Table 4.6). This is exceedingly low 
when compared against the level of 2% for the average soils (Brady 1990). Similarly, 
the concentrations of mineral N were below 10 i^g g] (see Table 4.5), which is 
equivalent to only one fifth of the satisfactory level of 50 pig g'^  suggested by Dutton 
and Bradshaw (1982). This further suggests that under the existing practice, the 
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greenery may suffer from N deficiency. Nonetheless, N mineralization and the seasonal 
fluctuations 0fNH4 and NO3 will be investigated in Chapter 5. 
As a corollary, the efficiency of N fertilizers can only be improved with a 
simultaneous build up of organic matter in the planter soils. The addition of organic 
matter will provide more adsorption sites to hold NH4+ and NO3" ions. Of course, the 
frequent application o f N fertilizers at low dose rate as well as the use of slow release 
fertilizers (e.g. Wo Che) will also minimize nitrogen loss from the soils. Nonetheless, 
the availability of mineral nitrogen in relation to management practices will be 
discussed further in Chapter 5. 
4.6 Conclusion 
From findings of the present experiment, several conclusions can be drawn: 
1. The pH of the planter soils ranged from 5.61-7.07 in Central District, 6.40-7.96 
in Kwun Tong and 6.32-7.01 in Wo Che. Overall, pH increased with depths. 
Extreme pH values of 3.81 and 8.25 were recorded in Central District and 
Kwun Tong, respectively. ' 
2. The planter soils contained low SOM, total and mineral N contents, adequate 
levels of total P and exchangeable Ca, as well as low to adequate levels of 
exchangeable K and Mg. 
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3. Mineral nitrogen and phosphoms constituted a negligible portion of the total 
pools, averaging 0.06-0.87% and 1.15-7.65%, respectively. Most of the 
• nitrogen and phosphorus were present in organic forms. 
4. Profound intra-layer differences were found in pH, SOM, TKN, mineral N, 
total P, available P and exchangeable Ca. SOM, TKN, mineral N，total P, 
available P and exchangeable K, Mg and Na decreased with depth. The reverse 
was true for pH and exchangeable Ca. 
5. The properties of planter soils varied within and between sites because they 
were made up of fill materials of diverse origin. 
6. Overall, the planter soils in Central District were more fertile, though not 




NITROGEN AND PHOSPHORUS MINERALIZATION 
5.1 Introduction 
Mineralization of nitrogen and phosphorus refer to their conversion from 
organic unavailable form to inorganic available forms. It is a crucial process for 
nutrient cycling in plant growth and to ecosystem productivity (Bauhus et al. 1993). 
Nitrogen mineralization consists of two processes，viz. ammonification and 
• nitrification. Ammonification refers to the release of NH4 from organic compounds 
while nitrification is the oxidation of NH4 to NO2 by Nitrosomonas and NO2 to NO3 
by Nitrohacter (Boudot and Chone 1985; Harris 1988). Incidentally, the planter soils 
under investigation are deficient in SOM and TKN (see Chapter 4). Being the most 
limiting nutrient in soils, nitrogen and its turnover processes had been extensively 
studied in desert (Fisher et al 1987), tundra (Fisk and Schmidt 1995) and tropical 
forest soils (Chandler 1985; Donaldson et al. 1990; Motavalli et al. 1995). There are, 
however, few studies of N mineralization on urban and planter box soils where the 
volume is restricted. 
N mineralization is afFected by soil pH (Jansson and Persson 1982), aeration 
(Hendrickson 1985), temperature (Vitousek 1981), soil moisture (Klopatek 1987), 
texture (Adu and Oades 1978; Gilmour 1984) and organic matter (Fisher et al 1987). 
In addition to these factors, nitrification is also controlled by the presence of nitrifiers 
(Alexander 1977; Ellis et al 1982) and ammonium substrate (Frazer et al 1990). 
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Being unique in its nature of formation and location, many of these factors are not 
favourable in the planter box soils. Will N mineralization in the planter soils be 
.d i f ferent from ordinary soils developed in situ? 
Nitrogen processes vary with seasons, largely due to differential effects of 
temperature (Eggleton 1935; Myer 1975) and soil moisture (Malhi and McGill 1982). 
With a subtropical climate, Hong Kong experiences a hot humid summer and a cool 
dry winter. Will N mineralization exhibit a seasonal pattern, as revealed in other 
studies? As leaching is dominant in the wet season (Chang et al 1989), will mineral N 
be as easily leached from the confined environment when compared with natural 
occurring soils? The processes of N mineralization can further be complicated by 
management inputs of irrigation (Kissel et al 1977) and fertilizer (Klemmedson et al. 
1992; Dick et al. 1995). Because the three sites under investigation were different in 
management intensity (see Chapter 2), will N mineralization vary between sites? 
While the questions raised above also apply to phosphorus, its process of 
mineralization is more complicated than nitrogen because of two reasons. First, it is 
difficult to differentiate the inorganic forms from the organic forms since both exist 
simultaneously (Tisdale et al 1985). Second, the released mineral P will react rapidly 
with various soil constituents to form insoluble compounds and complexes. Because of 
this, the study of P mineralization is not common in the literature, let alone on planter 
box soils. In addition, mineralization of phosphorus is equally affected by fertilizer 
(Falkiner et al 1993). Although different types of P fertilizers were added to the 
planters (Chapter 2), its concentration in the soil remained adequate (Chapter 4). We 
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therefore believe it is worthwhile to examine P mineralization in the planter soils. A 
better understanding of N and P mineralization processes enables the landscape 
managers to predict more accurately the availability of nutrients and to formulate a 
viable fertilizer management plan. 
Recognizing the above knowledge gap, in situ N and P mineralization and their 
seasonal variations were investigated in the three sites for a period of one year. 
Findings from this experiment will provide answers to the following specific questions: 
1. Did ammonification and nitrification occur in the planter soils and if yes, which 
process was more dominant? How did N mineralization vary with sites? 
2. How did N immobilization vary with seasons and sites? 
3. How was P mineralization compared with ammonification and nitrification and 
how did it vary with sites. What were the seasonal pattern of P mineralization 
and P immobilization? 
4. What was the leaching pattern of mineral N? 
5. What was the leaching pattern ofP? 
6. What would the planter greenery prefer, NH4 or NO3? How did N uptake vary .. 
with seasons? 
7. What was the uptake pattern ofP? 
8. How did N and P mineralization vary with management inputs? 




5.2.1 In situ incubation 
Measurement o f N and P processes from the 0-10 cm soil layer was conducted 
using the in situ sequential coring method ofRaison et al. (1987). Only the 0-10 cm 
layer was studied because bacteria was concentrated and active in the top 10 cm soils 
(Singh and Gupta 1977). The method evaluates changes in pools of inorganic nitrogen 
and phosphorus in the soils incubated as undisturbed cores in the field (Debosz and 
Vinther 1989). It is a versatile method by which leaching loss and uptake of mineral N 
and P can also be assessed in the same incubation experiment. Sampling was 
conducted separately in March, June, September and December 1996. Twenty 
sampling points from each of the three sites were chosen in accordance with 
procedures described in Chapter 3. The planters selected for greenery and soil study 
were also used for in situ incubation. 
The soil samples were collected at the start (Time 0) of each incubation period 
. ( T 1 ) . At the same time, aluminium tubes, 5 cm in diameter and 15 cm in length, were 
inserted into the soil to a depth of 10 cm (Figure 5.1). For each sampling point, a pair 
of aluminium tubes, one was covered (c) by plastic bag while another was left open •: 
(o), were inserted into the soil. The tubes were left for in situ incubation for 2 weeks in 
March, June, September and December, 1996 (Table 5.1). At the end of each 
incubation period (Time 1), new soil samples (T2) were collected, as well as soil that 
had been incubated in the open (o2) and covered (c2) tubes. All collected samples 
were returned to the laboratory and kept in the refrigerator at 4±loC after passing 2 
• 
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mm sieve. Each sample was then extracted for the colorimetric determination of NH4, 
NO3 and PO4, in accordance with procedures described in Chapter 4. 
TIME 0 - START OF INCUBATION TIME 1 «= END Or INCUBATION 
I l " , 1 � , j 
. n >b^  0 . c • ‘ — — n ~ / c2 , 02 .JplHY_iTi>^  
ttiil "MfD 
； : 1 u (:|, U }|0 T J y-Lil Li <'(it U 
丁1 OPEN COVERED T2 
CORE CORE 
Figure 5.1 Principle of the in situ incubation technique (Debosz & Vinther 1989). 
Table 5.1 Details of the in situ incubation study. 
Incubation period Duration Rainfall (mm) Monthly 
CD KT WC (Days) CD KT WC mean T � C 
25/3 - 8/4~~23/3 - 6/4"""23 - 6/4 U 9M f ^ ~ ~ 5 J 8 i ^ 
18/6 -2/7 15 -29/6 15 - 29/6 14 22.20 38.20 28.67 28.80 
16 -30/9 15 - 29/9 16 -30/9 14 12.69 34.98 20.88 27.70 
10 -24/12 10 -24/12 9 -23/12 14 0.00 0.00 0.00 18.30 
CD: Central District; KT: Kwun Tong; WC: Wo Che 
Source: Royal Observatory (1996). / 
During this incubation study, some cores were vandalized and lost. The details 
were shown in Table 5.2. Where missing cores were encountered，the number of 
observation was simultaneously adjusted in the statistical analysis. 
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Table 5.2 Missing cores during incubation. 
Mar Jun Sep Dec Total 
Central District 1 2 0 2 5 
Kwun Tong 0 1 0 5 6 
Wo Che 2 3 4 1 10 
•^^^^*^^^^•^^^•^••••MMH^^^^HBa^^^HHIMMMMHMnMn^^^HMHH^^H^H^^^nHHnMMI^^^^HnMHHMMMMHMnM^^MMMaMHMMHHMMMMMMM 
5.2.2 Determination of N mineralization, leaching and uptake 
Net N mineralization was calculated as the sum of changes in NH4 (net 
ammonification) and NO3 (net nitrification) for each of the incubation period. All 
values represented means of 20 sampling points or in the case of missing cores the 
actual number of retrievable tubes from each of the three sites and were expressed as 
i^g g-i day-i. The formulae for the calculation o f N changes were summarized below 
. ( D e b o s z and Vinther 1989): 
• Net N mineralization 
ANH4 = net ammonification during incubation 
= NH4(c2)-NH4(Ti) 
ANO3 = net nitrification during incubation 
= NO3 (c2) - NO3 (T1) , 
Nmin 二 net mineralization during incubation 
二 ANH4 + ANO3 
where: NH4 (Ti) and NO3 (Ti) are the NH4 and NO3 contents of bulk soil at the start (Time 0) of the 
incubation period. NH4 (。幻 and NO3 (c2) are the NH4 and NO3 contents of the covered (c2) 
soil at the end (Time 1) of the incubation period. 
• Leaching o fN 
NH4 leach = leaching of ammonium during incubation 
= NH4(c2)-NH4(02) 
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NOs leach = leaching of nitrate during incubation 
= NO3(c2)-NO3 (o2) 
Nieach = leaching of mineral nitrogen during incubation 
= NH4 leach + NO3 leach 
where: NH4 (。幻 and NO3 (c2) are the NH4 and NO3 contents of the covered (c2) soil at the end (Time 
1) of the incubation period. NH4 (。幻 and NO3 (0¾ are the NH4 and NO3 contents of the open 
. (o2) soil at the end (Time 1) of the incubation period. 
• Uptake o f N by vegetation 
Nuptake = O^min) - (Asoil mineral N pool) - (losses) 
= [N(c2) - N(Ti)] _ P^ (T2) - N(Ti)] - (losses) 
= N(c2) - N(T2) - (losses) 
where; N(c2> is the mineral N content of the covered (c2) cores at the end of the incubation period 
(Time 1), and N(T!) and N(x2) are the mineral N contents of buUc soil at the beginning (Time 
0) and end (Time 1), respectively, of the incubation period. Losses are the changes in soil 
mineral N content resulting from either leaching or denitrification. Denitrification is 
assumed to be zero unless independent measurements indicate otherwise, and leaching is also 
zero in covered (c) cores but maximal in open (0) cores. As leaching = N(c2) - N(。”，Nuptake can 
be simplified from the above: 
Nuptake = N(c2) _ N(T2) _ (lOSSCS) 
= N(c2) - N(T7) - FM(c2) - N(o2)] 
= N(o2) - N(T2) 
As a result, uptake 0fNH4, NO3 and total mineral N are calculated as follows: 
NH4 upake = uptake 0fNH4 during incubation 
= NH4 (o2) - NH4 (T2) 
NO3 uptake = uptake ofNO3 during incubation 
. = NO3 (o2)-N03(T2) 
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Nuptake = Uptake of mineral nitrogen during incubation 
= N H 4 uptake + N O 3 uptake 
where: NH4 (02) and NO3 (0¾ are the NH4 and NO3 contents of the open (o2) soil at the end (Time 1) 
oif the incubation period. NH4 (丁幻 and NO3 (i2) are the NH4 and NO3 contents of bulk soil at 
the end (Time 1) of the incubation period. 
5.2.3 Determination ofP mineralization, leaching and uptake 
Net P mineralization was calculated by the changes in PO4 for each of the 
‘incubation period. All values represented means of 20 sampling points or the actual 
number of retrievable tubes from each of the three sites and were expressed as |ig g'^  
day-i. The formulae for the calculation of P changes were summarized below (Debosz 
and Vinther 1989): 
• Net P mineralization 
PO4 二 net P mineralization during incubation 
“ P04(c2) - PO4(Tl) 
where: PO4 ⑴）is the PO4 content ofbulk soil at the start (Time 0) of the incubation period. PO4 (c2) is 
the PO4 content of the covered (c2) soil at the end (Time 1) of the incubation period. 
• Leaching o fP 
PO4 leach = leaching of phosphorus during incubation 
= PO4 (c2) - PO4 (o2) 
where: PO4 说 is the PO4 content of the covered (c2) soil at the end (Time 1) of the incubation 
period. PO4 (0¾ is the PO4 content of the open (o2) soil at the end (Time 1) of the incubation 
period. 
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• Uptake of P by vegetation 
Puptake = (Pmin) - (Asoil mineral P pool) - (losses) 
= :P(c2) - P(T1)] - [P(T2) - P(T1)] - (losses) 
= P(c2) - P(T2) - (losses) 
where: P(c2) is the mineral P content of the covered (c2) cores at the end of the incubation period 
(Time 1), and P(Ti) and P(i2) are the mineral P content ofbuUc soil at the beginning (Time 0) 
and end (Time 1), respectively, of the incubation period. Losses are the changes in soil 
mineral P content resulting from leaching. Leaching is also zero in covered (c) cores but 
maximal in open (o) cores. As leaching = P(c2) - P(o2), Puptake can be simplified from the above: 
PO4 uptake = PO4 (c2) • PO4 (T2) _ (lOSSCS) 
. = PO4 (c2) - PO4 (T2) - [PO4 (c2) - PO4 (o2). 
= PO4 (o2) - PO4 (T2) 
where: PO4 (。幻 is the PO4 content of the open (o2) soil at the end (Time 1) of the incubation period. 
PO4 (T2) is the PO4 content ofbulk soil at the end (Time 1) of the incubation period. 
5.2.4 Statistical analysis 
Statistical analysis was performed using the statistical package SPSS (for 
Windows). To minimize variations of results, incubation was conducted more or less 
close to the same sampling point between seasons. Because of this, two-way analysis 
ofvariance had not been performed to compare temporal changes between seasons and ‘ 
• sites (Little and Hills 1978). Instead, the temporal changes of ammonification, 
nitrification and phosphorus mineralization between sites were separately tested by 
Duncan's Multiple Range Test at the confidence level of p<0.05. 
For the calculation of net ammonification, nitrification, N mineralization and P 
mineralization rates, only pooled data were used and hence they were not subjected to 
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statistical tests. This way of treating the data complies with that ofRaison et al (1987) 
who first initiated the in situ sequential coring method, and enables comparisons with 
other similar studies. 
5.3 Results 
Nitrification was more intensively studied than ammonification in the literature 
(Montagnini and Sancho 1994; Piccolo et al 1994). In view of the dominance of 
ammonification over nitrification in the local soils (Yau 1996)，however, results of 
these two processes were separately presented below. Net N mineralization was 
summarized for the purpose of comparison with other studies, so was net P 
.mineralization. 
5.3.1 Temporal changes of ammonification and nitrification 
Ammonification and nitrification activities were detected in planter soils of the 
three sites and they tended to fluctuate with seasons (Table 5.3 and Appendix 5.1). 
Overall，NEU concentrations increased from 8.68-9.97 i^g g"^  in March to 24.77-30.18 
i^g g-i in June before declining to 11.11-21.81 |ig g_! in September and 2.96-11.36 fig 
g-i in December. Significant difference between sites was only found in September 
when NH4 concentration was higher in Wo Che (21.81pig g'^) than in Central District 
(11.78 jig g-i) and Kwun Tong (ll . l lpig g]). 
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Table 5.3 Seasonal changes 0fNH4, NO3 and PO4 (^g g !). 
Mar Jun Sep Dec 
~~~Mean (SD) Mean (SD) Mean (SD) Mean (SD) 
NH4 CD 9.97^(12.54) 30.18^(14.71) 11.78^(9.20) 5.32^(12.33)~~ 
KT 8.68^(13.36) 29.45^(17.18) 11.11^(16.85) 11.36^(10.80) 
WC 9.72^(15.83) 24.77^(11.02) 21.81^(17.06) 2.96'(7.77) 
NO3 CD 0.42^(0.36) 0.36^(0.30) 0.10^(0.13) 0.52^(0.71) 
KT 0.55^(0.31) 0.38^(0.40) 0.10^(0.13) 1.28^(3.05) 
WC 0.30^(0.18) 0.45^(0.72) 0.21^(0.25) 0.40^(0.29) 
PO4~~OT 8.09^(4.09) 4.23^(2.91) 8.81^(4.25) 7.39^(3.80) 
KT 1.53^(1.73) 0.59^(0.58) 2.56^(3.83) 2.86^(4.99) 
WC 8.13^(7.94) 4.38^(3.91) 10.29^(13.79) 8.98^(10.37) 
CD: Central District; KT: Kwun Tong; WC: Wo Che 
For each column of a particular season, values sharing the same letter are not significantly different at 
the p<0.05 by Duncan's Multiple Range Test. Figures in parenthesis represent standard deviation. 
NO3 levels were lower than NH4 in all the sites. The lowest levels of 0.10-0.21 
i^g g-i were recorded in September, compared to 0.30-1.28 i^g g'^  for rest of the 
‘seasons . Significant difference between sites was only recorded in March when NO3 
concentration decreased in the order of Kwun Tong > Central District, Wo Che (Table 
5.3). 
5.3.2 Temporal changes o f P mineralization 
• /' 
PO4 levels were intermediate between NH4 and NO3 in the three sites. 
However, the planter soils in Kwun Tong recorded significantly lower PO4 (0.59-2.86 
昭 g-i) than Central District (4.23-8.81 昭 g"^ ) and Wo Che (4.38-10.29 i^g g]) 
throughout the study period (Table 5.3). 
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5.3.3 Net ammonification, NH4 leaching and uptake 
Net ammonification varied with sites and seasons. In March and September, it 
decreased in the order of Central District > Kwun Tong > Wo Che but in June and 
December Wo Che recorded higher net rates than the other two sites (Table 5.4). In 
Central District and Kwun Tong, net ammonification peaked in September (1.45 and 
0.93 |ag g-i day"\ respectively) whereas for Wo Che it increased progressively with 
seasons and peaked in December (0.50 ^g g'^  day'^). Immobilization occurred in June 
for Central District and in June and December for Kwun Tong. The same was, 
however, not detected in the Wc- Che soils. 
Table 5.4 Temporal changes of net ammonification, NH4 leaching and NH4 
uptake (^ig g-i day-i) in the three sites. 
Ammonification* Leaching Uptake 
Central Kwun Wo Central Kwun Wo Central Kwun Wo 
District Tong Che District Tong Che District Tong Che 
Mar 0.96 0.63 0.04 0.35 -0.48 -0.11 -0.99 -0.74 . -0.03 
Jun -0.13 -0.36 0.24 -0.16 -0.76 -0.10 0.41 0.31 0.24 
Sep 1.45 0.93 0.27 0.48 -0.35 0.75 -0.26 -0.10 -0.58 
Dec 0.16 -0.22 0.50 0.04 -0.13 0.25 0.06 0.47 -1.25 
*Negative values for ammonification denote immobilization, while that of leaching and uptake are of 
no biological meaning (Nadelhoffer et al. 1984). 
Leaching of NH4 was detected in three of the four incubations in Central 
District, being severer in September (0.48 pig g'^  day'^ ) and March (0.35 pig g] day]) 
than in December (0.04 i^g g"^  day'^). In Wo Che, leaching loss occurred in September 
(0.75 \ig g-i day-i) and December (0.25 i^g g'^  day"^ ) but not in rest of the seasons. No 
leaching loss was detected from the Kwun Tong soils throughout the study. 
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Uptake pattern was very seasonal, being most prominent in June and decreased 
in the order of Central District > Kwun Tong > Wo Che. It was detected again in 
December for Central District and Kwun Tong but not in Wo Che. For rest of the 
seasons, uptake had not been active in the three sites. 
5.3.4 Net nitrification, NO3 leaching and uptake 
Overall, net change of NO3 was much smaller than NH4 (Table 5.5). Net 
nitrification was detected in March, June and September for most of the sites but never 
in December. It appeared higher in Central District than in Kwun Tong and Wo Che 
although differences between months were small. 
Table 5.5 Temporal changes of net nitrification, NO3 leaching and NO3 uptake 
(^ig g-i day-i) in the three sites. 
Nitrification* Leaching Uptake 
Central Kwun Wo Central Kwun Wo Central Kwun Wo 
District Tong Che District Tong Che District Tong Che 
Mar~~ 0.02 0 0.01 0 0.01 0 0.01 -0.01 0.01 
Jun 0.03 0.02 0.01 0.01 0.01 -0.01 0.03 0 0.01 
Sep 0.03 -0.02 0.03 0.01 0 0.03 0 0.01 0 
Dec -0.02 -0.06 -0.01 -0.02 0 0.01 0.02 0 0 
• / 
*Negative values for nitrification denote immobilization, while that of leaching and uptake are of no 
biological meaning (Nadelhoffer et al. 1984). 
Only negligible amount ofNO3 (0.01-0.03 i^g g ] day" )^ was leached from the 
three sites, being most prominent in summer. The highest rate of loss coincided with 
Wo Che (0.03 i^g g^ day" )^ in September. 
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Nitrate uptake was most prominent in Central District, being higher in June 
(0.03 |ig g-i day-i) than in December (0.02 i^g g'^  day" )^. Where uptake was recorded 
for rest of the seasons and sites, it was limited to 0.01 i^g g'^  day'\ 
5.3.5 Net N mineralization, leaching and uptake 
Table 5.6 summarized net N mineralization, leaching and uptake of the three 
sites. A comparison with Tables 5.4 and 5.5 clearly indicated a dominance of 
ammonification over nitrification. Overall, net N mineralization rates were higher in 
Central District, being followed by Kwun Tong and Wo Che. Leaching loss of nuneral 
nitrogen was comparable between Central District and Wo Che, but not detected from 
‘ t h e Kwun Tong soils. Conversely, uptake of mineral N appeared to be higher in Kwun 
Tong than in Central District and Wo Che. 
Table 5.6 Temporal changes of net N mineralization, N leaching and N uptake 
(^ig g-i day-i) in the three sites. 
N mineralization* Leaching Uptake 
Central Kwun Wo Central Kwun Wo Central Kwun Wo 
District Tong Che District Tong Che District Tong Che 
M a r ~ 0.97 0.63 0.06 0.35 -0.48 -0.11 -0.98 -0.74 -0.02 
Jun -0.10 -0.34 0.22 -0.15 -0.76 -0.10 0.43 0.31 0.25 ; 
Sep 1.48 0.91 0.29 0.48 -0.35 0.78 -0.25 -0.09 -0.58 
Dec 0.15 -0.29 0.49 0.02 -0.13 0.25 0.08 0.46 -1.25 
*Negative values for N mineralization denote immobilization, while that of leaching and uptake are of 
no biological meaning (Nadelhoffer et al. 1984). 
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5.3.6 Net P mineralization, leaching and uptake 
Net P mineralization rate was intermediate between that of ammonification and 
nitrification. It largely decreased in the order of Central District > Wo Che > Kwun 
Tong. In Central District and Wo Che, P mineralization increased progressively with 
seasons, peaked in summer, and either declined or was immobilized in December 
(Table 5.7). In Kwun Tong, P was immobilized in September and December while a 
low rate of 0.05 pig g"^  day"^  was recorded for March. 
Table 5.7 Temporal changes of net P mineralization, P leaching and P uptake (|ig 
g-i day]) in the three sites. 
P mineralization* Leaching Uptake 
Central Kwun Wo Central Kwun Wo Central Kwun Wo 
District Tong Che District Tong Che District Tong Che 
Mar 0.13 0.05 -0.14 0.17 0.11 -0.28 -0.16 -0.03 0.04 
Jun 0.26 0 0.19 -0.12 0 -0.05 0.07 -0.02 -0.31 
. S e p 0.31 -0.06 0.18 -0.10 0.03 -0.19 -0.09 -0.06 -0.17 
Dec 0.06 -0.13 -0.10 -0.04 -0.05 0.06 0.02 0.01 -0.05 
*Negative values for P mineralization denote immobilization, while that of leaching and uptake are of 
no biological meaning (Nadelhoffer et al. 1984). 
Again, net PO4 leaching rate was intermediate between NH4 and NO3. The 
highest rates coincided with March for Central District (0.17 i^g g'^  day'^) and Kwun 
Tong (0.11 i^g g-i day-i). P leaching was not detected from June to December for 
Central District and from March to September for Wo Che. 
Uptake rate of mineral P ranged 0.01 - 0.07 i^g g'^  day"\ being higher in 
Central District than in the other two sites. No uptake was detected from March to 
September for Kwun Tong and from June to December for Wo Che. 
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5.4 Discussion 
Nitrogen and phosphorus are essential nutrients for plant growth, in fertilized 
and unfertilized systems. In the present study, the planter boxes are subjected to 
different management intensity, including the type and frequency of fertilizer 
application. While it is difficult to differentiate mineralized nitrogen and phosphorus 
from their fertilizer counterparts, the study of mineralization and how it varies with 
seasons is crucial to understanding their bioavailability in the planter soils. Because 
mineralization study on planter soils is rarely attempted, the discussion begins with a 
comparison of the present findings with other studies in an attempt to generalize some 
characteristics unique to the planter soils. It is then followed with a assessment of N 
and P mineralization in the three sites, with special emphasis on effects arising from 
fertilizer application. 
5.4.1 Comparison with other studies 
• There were more studies on nitrification than on ammonification, so was the 
predominance o f N mineralization study over P mineralization in the literature (Tables 
5.8 and 5.9). Plants absorb ammonium and nitrate nitrogen for growth and the former 
is preferred because less energy is required in the synthesis of amino acids (Haynes ‘ 
1986; Nadelhoffer et al. 1984). The present study therefore partly bridges this gap of 
information by including the study of ammonification. Peak ammonification rates in the 
three sites were lower than that of the >300-year old forest (Klopatek 1987), but 
higher or comparable to that of the new burnt grassland (Yau 1996) and cultivated soil 
(Tracy et al. 1990) (Table 5.8). What are the implications? First, in unfertilized mature 




































































































































































































































































































































































































































































































































































































































































































































soil whereas in the planters low SOM reserve could inhibit ammonification. 
Fortunately, the planters are supplemented with fertilizers containing NH4 which is, 
however, not distinguishable from those mineralized from SOM. Nonetheless, the 
effect of fertilizer on ammonification will be addressed again in the next section. 
Second, the study of ammonification should not be neglected in this part of the World 
because in the study of hill fire in Hong Kong, Yau (1996) and Marafa (1997) also 
found a predominance of ammonification over nitrification. Besides, planter soils 
recorded higher levels of NH4 than NO3, a pattern also matched by plant uptake 
results (see Tables 5.4 and 5.5). This was supported by the finding of Nadelhoffer et 
al (1984) that soil NH4 pools were larger and more variable than NO3 pools. Third, of 
the scanty information available in Table 5.8, immobilization 0fNH4 appears to occur 
more frequently in this part of the World than other areas too. It probably implies 
nitrogen is potentially a limiting factor to plant growth in the local soils. 
As a corollary, net nitrification in planter soils was exceedingly low when 
compared with the mature forest (Klopatek 1987)，secondary forest and abandoned 
pasture (Montagnini and Sancho 1994), and cultivated soil (Tracy et al 1990). The 
peak rates ofO.02-0.03 ng g'^  day"^  were only comparable to some of the primary and , 
secondary seres dominated by annuals, grass and shrubs (Robertson and Vitousek 
1981). Similar to ammonification, immobilization of nitrate occurred more frequently 
in the planter soils than other soils too. 
The pattern of net N mineralization followed closely that of net 
ammonification. As seen from Table 5.8, peak N mineralization rates in the Central 
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District and Kwun Tong planters compare favourably with the secondary forest and 
abandoned pasture (Montagnini and Sancho 1994), and plow soil (Tracy et al. 1990). 
On the other hand, the overall rates are higher than many of the unfertilized seres 
(Robertson and Vitousek 1981) and new burnt grassland (Yau 1996). 
There were very few studies of P mineralization in the literature, let alone on 
planter soils. Table 5.9 compares net P mineralization of the planter soils against a 
cultivated soil (Tracy et al. 1990). While net P mineralization in the planter soils (-
0.14-0.31 i^g g-i day-i) were much lower than the cultivated soil (1.43-1.87 i^g g'^  day' 
1)，no attempt is made here to explain the difference. 
Table 5.9 Comparison o fP mineralization of selected vegetation communities. 
Vegetation P mineralization 
community Study period fxg g'^  day'^ Author (year) 
Plow cultivation —— 1.43 Tracy et al. (1990) 
No-till cultivation ---- 1.87 ditto 
Planter soils: 
Central District 4 seasons 0.06 - 0.31 Present study (1997) 
Kwun Tong 4 seasons -0.13 - 0.05 Present study (1997) 
Wo Che 4 seasons -0.14 - 0.19 Present study (1997) 
Negative values denote immobilization. Also, the units of selected data have been changed for the ‘ 
purpose of comparison. Similarly, some data have been rounded up too. 
A comparison with other studies therefore gives us a picture of the N- and P-
supplying capacity of the planter soils. It is clearly shown that N mineralization in the 
planters is comparable or even higher than most unfertilized successional communities, 
but much lower than the mature and fertilized agroecosystem. Similarly, P 
mineralization in the planters is lower than the cultivated soil too. The seasonal 
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fluxes of N and P and its relation to management will be discussed in the following 
sections. 
5.4.2 N mineralization in the planter soils 
Much have been said about the predominance of ammonification over 
nitrification in the planter soils. Factors known to inhibit nitrification such as low pH 
(Sahrawat 1982), A1 toxicity (Brar and Giddens 1968) and low C:N ratio are not 
present in the planter soils. Why then is nitrification so low in the three sites? This is 
not unexpected because during the process of mineralization, the first product released 
is NH4 which is, in turn, the substrate for nitrification. Plants prefer NH4 to NO3 
because less energy is required in amino acid synthesis fNadelhoffer et al. 1984; 
Marafa 1997), thus reducing the amount of substrate for nitrifiers. NH4 can be 
• immobilized by soil microbes when organic wastes of wide C:N ratio are added to the 
soil. Besides, plants growing logarithmically absorb NH4 faster than decomposers 
release them (Weaver and Forcella 1979). These examples clearly indicate keen 
competition for NH4 ions in the soils. 
In addition, the fertilizers used in the three sites contain more ammonium than 
nitrate. For instance, the nitrogen component of Nitrophoska fertilizer is made up of 
60% NH4 and 40% NO3 Similarly, the Gold-N and Greensome fertilizers contain 37% 
and 70% of sulphur coated urea (S.C.U.) which hydrolyzes to NH4+ in the soil before 
being nitrified (Tisdale et al 1985). The differentiation between mineralized N and 
fertilizer N is, however, beyond the scope of the present study although fertilizer N had 
been found to increase net mineralization rates in the 0-10 cm soil (Fisher et al 1987). 
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Table 5.10 summarizes cumulative N mineralized during each of the incubation 
period. This was obtained by multiplying each of the net N mineralization rate of Table 
5.6 by the factor of 14, the number of days the tubes were incubated. Three 
observations are depictable from the table. First, cumulative N mineralized throughout 
the experiment (56 days) decreased in the order of Central District > Kwun Tong > 
Wo Che. Second, immobilization occurred in Central District and Kwun Tong, but 
never in Wo Che. Third, net N mineralization fluctuated greatly with seasons in Central 
District and Kwun Tong but less in Wo Che. 
Table 5.10 Cumulative N and P mineralized (^ tg g � d u r i n g the four incubations(”. 
Mineralized N Mineralized P 
Central Kwun Wo Central Kwun Wo 
District Tong Che District Tong Che 
March 13.58 8.82 0.84 1.82 0.70 -1.96 
. June -1.40 -4.76 3.08 3.64 0.00 2.66 
September 20.72 12.74 4.06 4.34 -0.84 2.52 
December 2.10 -4.06 6.86 0.84 -1.82 -1.40 
TotaI/56 days 36.40 21.56 14.84 10.64 0.70 5.18 
(!) Extracted from Tables 5.6 and 5.7, each value multiplied by 14 days per incubation. Negative 
values denote immobilization. 
That mineralization was most active in Central District is expected. It receives 
greater intensity of management than the other two sites, including irrigation and 
fertilizer application. As the central business district of Hong Kong, the maintenance of 
high quality greenery is essential and this is supported by greater commitments of the 
managerial staff. Besides, mid-cultivation of the planter soil also enhance 
mineralization of the soil organic matter (Tracy et al 1990)，a practice not seen in 
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Kwun Tong and Wo Che (see Chapter 2). Conversely, the authority is less willing to 
spend on greenery in the industrial (Kwun Tong) and residential (Wo Che) areas. 
While th^ findings also confirm our earlier suggestion that part of the mineralized N 
could have been contributed by fertilizers, it does not necessarily mean that the 
greenery in Central District have sufficient N for growth. This is because overall TKN 
content and the percent mineral N of the organic pool are suboptimal in the Central 
District planters, not to mention the other two sites (see Chapter 4). 
Why was N immobilization detected in Central District and Kwun Tong, but 
not in Wo Che? Immobilization occurs when there is a flush of mineral nitrogen and 
rapid proliferation of the soil microbes (Klemmendson et al. 1989; Hadas et al. 1992). 
This is facilitated by the addition of mineral fertilizers and the generally favourable 
climate conditions of Hong Kong. Soil microbes absorb mineral nitrogen from the soil 
only when C:N ratio of the substrates is interrupted, as in addition of organic wastes 
characterized by wide C:N ratio (Barber 1995; Paul and Juma 1981). Incidentally, peat 
moss and wood chips were applied periodically to the Central District and Kwun Tong 
planters, primarily to control weeds, dampen evaporation and cover up some of the 
bare patches. Poor in nitrogen content and characterized by C:N ratio well above 65， ， 
they are gradually incorporated to the soil. Because immobilization takes place when 
C:N ratio is above 20 (Smith 1982), it occurred only in Central District and Kwun 
Tong, but never in Wo Che. This causes a temporary disruption of N supply to the 
plants, especially in the active growing season of June (Table 5.10). 
1 
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Following the above discussion, the seasonal fluxes o f N was greater in Central 
District and Kwun Tong than in Wo Che. Net N mineralization alternated with 
immobilization in Kwun Tong throughout the study period and the same pattern was 
almost repeated in Central District. While this is partly caused by the addition of peat 
moss and wood chips, the biomass of the dead microbes could be remineralized thus 
accounting for the seasonal fluctuations. What is the implication of temporary 
disruption and great seasonal fluctuations of available N in the soil? True， 
immobilization serves as an effective means of controlling N loss from the system, 
however, a pattern like this is not beneficial to the sustained growth of planter 
.greenery. We acknowledge the importance of augmenting organic matter in the soil, 
yet due consideration must be given to its quality and related N dynamics. The use of 
low C:N ratio organic amendment is preferred to the peat moss and wood chips. If the 
existing practice is continued, due consideration must be given to reduce the amount of 
organic material added each time and to apply additional N to the soils. 
The planters in Central District are fertilized once a month. Why is there still a 
deficiency of TKN and mineral N, not to mention Kwun Tong and Wo Che where the 
planters are fertilized at intervals of 2-3 times a year? This is because N contained in 
the fertilizer can either be converted to organic forms unavailable for plant uptake 
(Chang et al. 1994) or incorporated into soil organic matter (Smith and Power 1985). 
In the latter case, 25-50% of the applied fertilizer on grass were rendered unavailable 
and only a small fraction of fertilizer N appeared as NH4 and NO3 forms in the surface 
soil (Johnson et al. 1980). Besides, biological immobilization of fertilizer N was found 
to occur rapidly and to complete within two months in the tropical soils ^Sfg et al. 
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1986). The behaviour of fertilizer N in the planter soils therefore warrants further 
investigation. A rule of the thumb, however, is to apply in smaller dose and at more 
frequent intervals. 
Equally notable is a build-up of mineralized N in December in the Wo Che 
planters. This is largely due to more organic substrates being humified towards the 
winter season. Although immobilization was not detected throughout the study period, 
the Wo Che soils are also deficient in TKN and mineral N. 
5.4.3 P mineralization in the planter soils 
Cumulative P mineralized throughout the study period is also summarized in 
. T a b l e 5.1, calculation being similar to nitrogen. The amount o f P mineralized varied 
greatly between sites, decreasing in the order of Central District > Wo Che > Kwun 
Tong. Like mineral N, fertilizer is also a contributory factor to P mineralization. For 
instance, the Central District planters are fertilized monthly with bone meals and 
Greensome fertilizers, which contain 7.04% and 11% P2O5, respectively (see Chapter 
2). No wonder the amount of P mineralized is double that of Wo Che, where the 
planters are fertilized 2-3 times a year with Nitrophoska containing 12% P. This ,. 
finding agrees reasonably well with Diaz (1993) that a high total P concentration 
provides a potentially large available pool that enables the soil to release constant 
amounts of P over longer time periods. While the Kwun Tong planters receive a 
fertilizer treatment similar to Wo Che, the amount of P mineralized is 7 times lesser. 
There is no easy explanation to this discrepancy except that soil conditions in Kwun 
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Tong may be less favourable to the growth of P mineralizing micro-organisms. The 
effect of industrial pollutants and heavy metals deserves further investigation. 
P mineralization varied with seasons, and peaked in the summer months of June 
and September in Central District and Wo Che. Other factors being equal, the hot 
humid conditions favour the growth of micro-organisms. Repeated flooding had been 
found to increase P mineralization by solubilization of organic matter during anaerobic 
decomposition (Diaz 1993) although it was never encountered during the sampling 
period. Why did P mineralization then peak in March in the Kwun Tong soils? We 
believed the element could have been remineralized from the microorganisms that were 
engaged in active immobilization in the previous year. This is only a hypothesis which 
awaits proof from further study. Nonetheless, P mineralization in the industrial area 
appears to differ from that of the central business district and residential area. 
Immobilization ofP is site-specific. It occurred on two occasions each in Kwun 
Tong and Wo Che，but never in Central District. This is because planters in Central 
District are fertilized more frequently than those in Kwun Tong and Wo Che, resulting 
in a continuous supply of available P around the year. As aforesaid in Chapter 4, all the 
planter soils contain adequate levels of total and available P. A related question then 
arises: are the planters in Central District over dosed with P fertilizers? Apparently it is 
not if periodical disruption o fP supply in the Kwun Tong and Wo Che soils is a major 
concern. Only tissue analysis will confirm the extent of the damage, if any. Besides, 
nitrification was most active in Central District and appeared to have been enhanced by 
the added P. This agrees reasonably well with findings by Hue and Adam (1984) that P 
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fertilizer increased the proliferation of nitrifiers. Phosphorus is relatively immobile in 
soil so the usual practice is to apply it twice a year in this part of the world. Any over 
dose in the planters will not lead to environmental pollution as easily as the 
ammoniacal fertilizers. Of course, there is financial implication in the overdose. 
Overall, P mineralization in the planter soils was intermediate between 
ammonification and nitrification (see Table 5.4，5.5 and 5.7). Wild (1988) reported that 
phosphate released by mineralization is usually in the ratio o f N : P of 10:1. As seen 
from Table 5.10，the N:P ratios are roughly 3:1 for Central District and Wo Che, and 
31:1 for Kwun Tong. What are the causes for this discrepancy? The interaction 
between fertilizer N and fertilizer P in a confined environment warrants further 
investigation. 
5.4.4 Leaching loss of mineral N and P in the planter soils 
Leaching loss of mineral N decreased in the order o fWo Che > Central District 
. > Kwun Tong, a trend different from net mineralization (Table 5.6). In fact, leaching 
loss was not detected in Kwun Tong throughout the study period. One obvious 
implication is that of the three sites, Wo Che suffers most from N deficiency as a result 
of low mineralization and severe leaching loss. A revamped fertilizer programme is 
needed in order to maintain a continuous supply o f N to the greenery. 
Both NH4 and NO3 ions are vulnerable to leaching. Ammonium ions are more 
tightly held by the soil colloids than nitrate ions (Haynes 1986) but because of a larger 
gross pool in soil, they dominated the leaching loss (see Tables 5.4 and 5.5). As 
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aforesaid in section 5.4.2, nitrification in the planter soils is inhibited by strong 
competitors of the NH4 substrate including plants and microorganisms engaged in 
immobilization. 
Under normal conditions, leaching loss is related to soil texture being greater in 
sandy soil than in clayey soil. As planter soils of the three sites belong to the textural 
group of sandy loam (see Chapter 4), there are other factors which account for the 
discrepancy in leaching. What are the factors? These include N fertilizer, irrigation 
regime, immobilization, uptake by plants, soil organic and mineral colloids, rainfall, and 
inherent configurations of the planters. Under existing design of the experiment, it is 
impossible to analyze in detail the actual mechanisms involved. For instance, while the 
planters in Central District received most N fertilizers and were watered twice a day, 
leaching rate ranked second to Wo Che where the planters were fertilized 2-3 times a 
year. Equally interesting is an absence of leaching from the Kwun Tong planters. It is 
not known if they are of the closed-bottom type. Despite this uncertainty, leaching and 
uptake appeared to complement each other. For instance, there was no leaching of 
nitrogen in June for all the sites, when uptake was active (see Table 5.6). Where 
• leaching was recorded, it was most prominent in the rainy season of September. It is , 
thus fairly safe to conclude that leaching loss is controlled by a wide range of factors, 
most obvious being fertilizer programme, uptake and rainfall. 
Having said the above, how severe is the leaching loss in Central District and 
Wo Che? In an attempt to answer this question, a rough estimate o f N loss as percent 
of the added fertilizer is made and summarized in Table 5.11. Several assumptions are 
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made in this estimation. First, where leaching occurs it is assumed to be uniform on a 
monthly basis. Second, the amount o f N added to the soil in this part of the world is 5 
<"j 
g m"，as adopted in turfgrass management (Chau, personal communication). Roughly 
26% and 47% of the added N were leached from the top 10 cm soils of the Central 
District and Wo Che planters. It is therefore a cause for concern with respect to money 
wasted and possible environmental pollution, especially in Wo Che. Maybe the use of 
slow release fertilizer in replacement of the quick release Nitrophoska will partly 
rectify the problem. 
. T a b l e 5.11 Estimate on N leached (mg m'^ ) in the planter soils � . 
Central District Kwun Tong Wo Che 
March ^ ~ 0 ^ 
June 0.00 — 0.00 
September 1.01 --- 1.65 
December 0.04 --- 0.53 
Total Ieached/days 1.79/42 … 2.18/28 
Totalleached/month(2) 1.27 … 2.34 
% leached(3) 26% — 47% 
(1) Data transformed from Table 5.6. Each rate data, except immonilization, was converted to mg m'^, 
assuming a depth of 10 cm and a uniform bulk density of 1.5 Mg m"^ . 
(2) Assume 30 days a month. 
(3) Assume optimal N fertilizer rate in Hong Kong is equivalent to 5 g N m"^  month'^. 
Although P is less mobile than N, leaching occurred in the planters and 
decreased in the order of Central District > Kwun Tong > Wo Che, largely in line with 
the mineralization sequence (see Table 5.7). This clearly shows that leaching is 
proportionate to size of the P pool in soils. Unlike mineral nitrogen, P leaching was 
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detected in Kwun Tong planters. During the study period, leaching was detected in 
March (0.11 i^g g^ day'^) and September (0.03 ng g'^  day]) while net mineralization 
occurred >only once in March (0.05 i^g g ] day"^). Other factors being equal, there is 
likely a net loss of P from the Kwun Tong planters. This will be taken up again in 
Section 5.4.5. 
Besides, peak leaching rates occurred in March for Central District and Kwun 
Tong, and in December for Wo Che (see Table 5.7). Unlike mineral nitrogen, 
therefore, P leaching was not severe in the summer rainy season. 
5.4.5 Uptake of N and P in the planter soils 
• Nutrient uptake is affected by soil pH, nutrient concentration in the soil 
solution, and activities of microorganisms (Swift et al 1979; Novoa and Loomis 
1981). N uptake decreased in the order ofKwun Tong > Central District > Wo Che, a 
sequence largely comparable to net mineralization but in reverse order of leaching (see 
Table 5.6). Although the highest N mineralization rate was recorded in Central 
District, uptake ranked second to Kwun Tong. Does it imply the greenery in Kwun 
Tong is more efficient in nutrient absorption or the soils in Central District contain too / 
much nitrogen? There are no easy answers to this question. While tissue analysis will 
confirm nutrient use efficiency of the plants (van den Driessche 1974), the greenery of 
different sites may differ in nutrient demand as well as the preferred source of 
nutrients. Central District has the longest development history among the sites and, as 
shown in Chapter 3，supports a larger and more mature tree population. With closed 
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canopies, these mature trees can derive part of the needed nutrients from biochemical 
cycling or retranslocation of nutrients before leaf senecensce (Miller 1995). 
Apart from root uptake and biochemical cycling, nutrients can also be obtained 
from foliar absorption (Miller et al 1976; Lovett and Lindberg 1984) and nitrogen 
fixation (Miller 1995). Unfortunately, none of these sources were investigated in the 
present study. In an attempt to evaluate the N status of the soil after one year of study, 
a simple balance sheet was prepared incorporating net mineralization, leaching and 
uptake (Table 5.12). It is not a genuine balance sheet because inputs (fertilizers， 
atmospheric deposition, nitrogen fixation etc.) are unknown. 
Table 5.12 N and P status (pig g'^) after four incubations of 56 days(” 
Nitrogen Phosphorus 
~ C D CT WC OT CT WC~~ 
Mineralization (a) 35.00 u T ^ iA84 I o ^ 0 ^ L82~~ 
Leaching (b) 11.90 0 14.42 2.38 1.96 0.84 
Uptake (c) 7.14 10.78 3.50 1.26 0.14 0.56 
Net gain/ loss per 56 days 15.96 1.96 -3.08 7.00 -1.40 0.42 
(a-b-c) 
(1) Extracted from Tables 5.6 and 5.7, values from which were multiplied by a factor of 14 (days per , 
incubation). Immobilization values in mineralization were included in the calculation while 
negative values of leaching and uptake were excluded (Nadelhoffer et al. 1984). 
Under the existing experimental conditions and during the total incubation 
period of 56 days, the planter soils in Central District and Kwun Tong recorded a net 
gain o f N equivalent to 15.96 and 1.96 i^g g'^  soil, respectively. A net loss of3.08 jig 
.g-i，however, was found for the Wo Che soils. Under the existing management 
scenario, therefore, the Wo Che planters suffer most from nitrogen drain. 
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Plants prefer NH4 to NO3, however, the seasonal pattern between them was 
different. NH4 uptake concentrated in June for all the sites whereas that of NO3 was 
more evenly spread out throughout the year (see Tables 5.4 and 5.5). The ratio of 
NH4:NO3 was 8:1 for Central District, 78:1 for Kwun Tong and 12:1 for Wo Che. The 
finding seems to suggest that the planter greenery in Kwun Tong relied heavily on NH4 
for growth and that nitrification was more severely inhibited in Kwun Tong than in the 
other sites. Incidentally, nitrification rate was lowest in Kwun Tong. The effect of 
indi'Strial pollutants on soil ammonifiers and nitrifiers therefore deserves further 
investigation. 
Negative nitrogen uptake values were recorded in the present study, as in 
other studies (Nadelhoffer et al. 1984; Yau 1996; Tsang 1997). It indicates a higher 
production of mineral nitrogen in the T2 samples than in the open cores (Figure 5.1). It 
is unlikely for plants not to absorb nutrients especially in the summer growing season. 
A possible cause is the gradual accumulation of labile organic N from root decay of 
plants in the soil. Because of this, the negative uptake values were of no biological 
meaning (Nadelhoffer et al. 1984). , 
P uptake decreased in the order of Central District > Wo Che > Kwun Tong，a 
pattern commensurate with management input and net mineralization. Moreover, 
uptake was more evenly spread out with seasons of the year in Central District than in 
the other two sites. The amount taken up by plants was intermediate between NH4 and 
NO3, and overall N;P ratio was roughly 6:1 for Central District and Wo Che, and 77:1 
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for Kwun Tong. There is cause for concern in Kwun Tong where less P is available in 
the soil. This is confirmed in the balance o f P summarized in Table 5.12. While the 
Central District and Wo Che planters recorded a net gain of 7.00 and 0.42 i^g g^ soil 
phosphorus during the total incubation period of 56 days, those in Kwun Tong 
suffered a net loss of l .40 j_tg g] soil. Unlike Central District and Wo Che, the planter 
soils in Kwun Tong are characterized by extremely low mineralization and uptake rates 
but high leaching risk. As aforesaid in section 5.4.3, the dynamics o f P in soils in the 
industrial area warrants further study. 
5.5 Conclusion 
From findings of the present experiment, several conclusions can be drawn: 
(1) Ammonification and nitrification were detected in the planter soils. While 
ammonification predominated over nitrification, net N mineralization fluctuated 
greatly with seasons and decreased in the order of Central District > Kwun 
Tong > Wo Che, in line with management inputs. 
(2) Immobilization of nitrogen occurred in June for Central District, in June and ' 
December for Kwun Tong but never in planters ofWo Che. 
(3) P mineralization was intermediate between ammonification and nitrification. 
Net P mineralization decreased in the order of Central District > Wo Che > 
Kwun Tong. More P was mineralized in summer than in winter. Immobilization 
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was detected on two occasions each in Kwun Tong and Wo Che, but never in 
Central District. 
(4) N leaching was severer in summer than in winter, and decreased in the order of 
Wo Che > Central District > Kwun Tong. No leaching was detected in the 
Kwun Tong planters. 
(5) P leaching was more prominent in March than any other months. It decreased 
in the order of Central District > Kwun Tong > Wo Che, and is commensurate 
with management inputs and net mineralization. 
(6) Planter greenery preferred NH4 to NO3 and N uptake was in the order ofKwun 
Tong > Central District > Wo Che. N uptake was more active in June and 
December than any other months. 
(7) P uptake was smaller than N, and decreased in the order of Central District > 
Wo Che > Kwun Tong. 
(8) Overall, mineralization of N and P is proportionate to management intensity, 
being most active in Central District which receives daily irrigation and monthly 
fertilizer addition. Their uptake and leaching, however, are complicated by 
localized factors. 
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(9) Under the existing experimental conditions, net loss o f N and P was detected in 





6.1 Summary of findings 
. Increasingly more planters are used in Hong Kong as the growth space for 
urban greenery is limited and restricted by underground utilities. The present study 
serves as the first one ever attempted on planter greenery and the associated soils in 
Hong Kong. It began with an inventory survey of the planter greenery, followed by an 
investigation of the chemical properties as well as the N- and P-supplying capacity of 
the planter soils. As management intensity is different among the three sites, the 
present study also aims at finding a viable management strategy that can enhance the 
quality of planter greenery in Hong Kong. 
A total of 247 trees were sampled in the three study areas, representing 23 tree 
species and 12 families. Planters in Central District contained more trees and higher 
species diversity than Kwun Tong and Wo Che. Overall, trees in planters were 
dominated by a few families and species. While species of the Caesalpiniaceae family 
occupied over one-third of the planter greenery, the trees were mostly exotics (72-
81%) and broadleaves (78.9%). They were mostly small in size or in their young stage 
of growth, over 70% of which were below 6m. Generally, trees in Central District 
were larger in size than the other sites. 
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Overall, growth performance of the trees was satisfactory and no dead trees 
were found. Trees in good conditions decreased in the order of Central District (73%) 
> Kwun Tong (57%) > Wo Che (44%). Trees in Central District had less growth 
problems too. Broken branches (28-56%) was the most serious problem, being 
followed by trunk cracks. Vandalism was least serious (5.1-13.1%) in all the sites. 
Thirteen shmb and 3 ground cover species were recorded in Central District, 
• being more diverse than Kwun Tong (11 and 2 respectively) and Wo Che (4 and 1 
respectively). For ground cover, the coverage decreased in the order of Kwun Tong 
(76-100%) > Wo Che (51-75%) > Central District (26-50%). 
The pH of the planter soils were optimal ranging from 5.61-7.07 in Central 
District, 6.40-7.96 in Kwun Tong, and 6.32-7.01 in Wo Che. Extreme pH values of 
3.81 and 8.25 were recorded in Central District and Kwun Tong. Besides, the planter 
soils contained adequate levels of total P (30.40-131.78 i^g g"^ ) and exchangeable Ca 
(5.96-15.44 cmol kg"^ ) but low to adequate levels of exchangeable K (0.18-0.31 cmol 
kg-i) and Mg (0.24-0.57 cmol kg'^). However, the planter soils contained low levels of 
SOM (0.61-3.91%), TKN (0.02-0.13%) and mineral N (0.40-10.39 昭 g^). , 
Mineral nitrogen and phosphorus constituted a negligible portion of the total 
pools, averaging 0.06-0.87% and 1.15-7.65%, respectively. Most of the nitrogen and 
phosphorus were present in organic forms. 
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Profound intra-layer differences were found in pH, SOM, TKN, mineral N， 
total P, available P and exchangeable Ca in all the sites. Soii organic matter, TKN, 
mineral N, total P, available P and exchangeable K, Mg and Na decreased with depth. 
The reverse was true for pH and exchangeable Ca. 
The properties of planter soils also varied within and among sites because they 
were made up of fill materials of diverse origin. Overall, the planter soils in Central 
District were more fertile, though not significant statistically, than that of Kwun Tong 
and Wo Che due to higher management intensity. These variabilities have great 
implications on management of the planter greenery. 
Ammonification and nitrification were detected in the planter soils. While 
ammonification predominated over nitrification, net N mineralization fluctuated greatly 
with seasons and decreased in the order of Central District (0.15-1.48 i^g g'^  day" )^ > 
Kwun Tong (0.63-0.91 ^g g^ day'” > Wo Che (0.06-0.49 [ig g^ day]), in line with 
management inputs. Immobilization of nitrogen occurred in June for Central District, 
in June and December for Kwun Tong but never in planters ofWo Che. 
P mineralization was intermediate between ammonification and nitrification. 
Net P mineralization decreased in the order of Central District (0.06-0.31 i^g g'^  day" )^ 
> Wo Che (0.18-0.19 pig g'^  day^) > Kwun Tong (0.05 i^g g^ day^). More P was 
mineralized in summer than in winter. Immobilization was detected on two occasions 
each in Kwun Tong and Wo Che, but never in Central District. 
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N leaching was severer in summer than in winter, and decreased in the order of 
Wo Che (0.25-0.78 昭 g ] day]) > Central District (0.02-0.48 [xg g ' day') > Kwun 
. T o n g (0.00 |_ig g-i day-i). No leaching was detected in the Kwun Tong planters. 
P leaching was more prominent in March than any other months. It decreased 
in the order of Central District (0.17 jig g"^  day^) > Kwun Tong (0.03-0.11 )ig g ] day" 
1) > Wo Che (0.06 i^g g"^  day'^), commensurate with management inputs and net P 
mineralization. 
Planter greenery preferred KHU to NO3 and N uptake was in the order ofKwun 
Tong (0.31-0.46 昭 g^ day^) > Central District (0.08-0.43 i^g g^ day^) > Wo Che 
(0.25 [xg g-i day-i). N uptake was more active in June and December than any other 
months. 
P uptake was smaller than N, and decreased in the order of Central District 
(0.02-0.07 pig g] day-i) > Wo Che (0.04 i^g g^ day]) > Kwun Tong (0.01 i^g g] day' 
1). 
Overall, N and P mineralization increased with management intensity, being 
most active in Central District which receives daily irrigation and monthly fertilizer 
addition. Their uptake and leaching, however, were complicated by localized factors. 
• Under the existing experimental conditions, net loss of N and P was detected in the 
Wo Che and Kwun Tong planters respectively, but not in the Central District 
counterparts. 
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6.2 Implications of the study 
6.2.1 Site-specific management programme 
As aforesaid in Chapter 2，planting records including species composition, soil 
amendment and properties of the soil mix were not available in any of the study sites. 
While the planter soils were of diverse origin, the properties detected in the present 
study reflect also the impact of vegetation and management inputs. One important 
finding is the great variations between and within sites. This merits further discussion 
with reference to management implication. 
Indeed, the three sites are different in landuse classification and history of 
development. The planter soils are similar in texture, TKN, NH4 and exchangeable Ca 
levels (see Tables 4.1, 4.3, 4.5 and 4.9; Appendix 4.1). On the other hand, soil pH， 
SOM, NO3, total and mineral P, as well as exchangeable K levels varied tremendously 
between sites (see Tables 4.2, 4.3, 4.5 and 4.7; Appendix 4.1). The causes for some of 
‘ t h e s e variations have been addressed in the results chapters. As aforesaid in Chapter 2, 
the urban greenery in Central District and Kwun Tong is managed by the Urban 
Services Department, and Wo Che by the Housing Authority. Each of the departments 
have to manage many more districts or housing estates in Hong Kong. The question ' 
then arises: Can they adopt the same management strategy for all the planters under 
their jurisdiction? 
Inter-site differences in soil properties and plant growth can only be depicted 
with systematic survey, continuous monitoring and cross comparisons. People tend to 
overlook the potential differences between sites and the extent of influence it may have 
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on quality of the greenery. For instance, N- and P-supplying capacity between the 
planter soils of Central District and Kwun Tong, both under the management of the 
Urban Services Department, is different. Under the existing management scenario, the 
soils in Central District have abundant P supply whereas in Kwun Tong there is a net 
loss of the element with time. Because of this, routine soil test is needed to support 
maintenance and to improve management standards. It is therefore necessary to clarify 
the misconception that all sites are the same. Managerial staff and other decision-
makers should be aware of this and have routine soil test included in their working 
agenda. Soil test and genuine interpretation of the results will enable them to review 
the existing management strategy and make changes where necessary. In a nut-shell, a 
site-specific management strategy should be adopted. 
Equally notable is the great variations between planters within the same site. 
This is best illustrated by the large standard deviations and wide range values of the 
soils data for all the sites (Appendix 4.1). It reflects the diverse origin of the soils and 
the influence oflocalized factors. For instance, while the average soil pH of the Central 
.Dis t r ic t planters ranged from 5.61-7.96, a few of them could be as low as 3.81. We are 
ftilly aware of this problem in the pilot test and have subsequently adopted composite ,. 
sampling for each and every sampling point during the study. It is, however, easier said 
than done in reducing the variability unless more intensive sampling is involved. 
Nonetheless, the results clearly reflect the inherent variability of the planter soils within 




While the problem can only be detected in routine soil test, there are no easy 
solutions. It is tedious, if not impossible, to tailor-make a management programme for 
each of the planter. Because of manpower and time constraints, there were not enough 
samples to represent specific random block in the present study. One solution, 
therefore, is to carry out a more intensive stratified random sampling of the soils and to 
differentiate properties between micro-environments such as open space, garden, 
sitting-out areas, wall-side, and monument square. If a pattern can be found in 
association with this, a specific management programme can be designed to suit each 
of these sub-groups. For instance, where strong acidity is detected in the planters, the 
• use of S.C.U. fertilizer (e.g. Greensome and Gold-N) should be discontinued. This is， 
however, not the case in Central District. Of course, the most viable solution is to 
standardize the soil specification and ensure adherence by contractors before planting. 
The least addressed problem of planter soil is the difference in properties 
between layers of the same profile (see Chapter 4). As this occurs in all soils, why is it 
a problem? Planters support a mixture of vegetation including trees, shrubs and ground 
covers, each with its own rooting depth. As pointed out by Craul (1992), the critical 
soil depth for plant growth is 30 cm. The intra-layer difference therefore provides a , 
heterogeneous rooting zone for plant growth. The competition for nutrients between 
the trees, shrubs and ground cover vegetation deserves more intensive study. 
In a nutshell, soil variations occur between sites，between planters within a site, 
as well as between layers of the same profile. It is necessary to appraise correctly the 
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extent of their influence on the planter greenery and to devise site-specific management 
programme, where possible. 
6.2.2 Application of results 
In overseas countries there have been more studies on urban trees (Cervelli 
1984; Hodge 1991; Land use consultants 1993) than on the associated soils (Short et 
al 1986; Craul 1992), and still less on planter soils (Kelsey and Hootman 1990). The 
same is true in Hong Kong where comprehensive tree surveys had been attempted by 
Jim (1986a and 1994) and Yeung (1993), with special emphasis on street and 
pavement trees. Roadside soils (Yeung 1993) and urban park soils (Lai 1994) were 
investigated but the focus was more on static chemical properties than on nutrient 
‘ f luxes . Despite the growing popularity of planters in the urban environment, there are 
virtually no studies on planter greenery and planter soils. Results obtained in the 
present study therefore partly bridge the gap of information in this field. 
The planter environment is very different from ordinary soils. It is confined, 
with limited volume of soil which inhibits root growth. There are less inputs from 
precipitation and litterfall, but are better protected against surface runoff. Specific , 
problems arise from rubbles and heterogeneous materials, as well as alkaline salts 
secreted from the concrete. On the other hand, they are targeted in some places, if not 
all, for high intensity management including irrigation, fertilizer application, mulching 
and disease control. In a nutshell, the greenery composition and growth performance 
as well as the soil processes are very unique. What have we learnt from the present 
study? Are the results then transferable to other areas? 
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The results clearly prove our hypothesis that greenery performance and soil 
nutrient supplying capacity are directly related to the intensity of management. As the 
central business district of Hong Kong, planter greenery in Central District presents 
least growth problems and this is accompanied by better growing conditions in the 
soils when compared with the industrial (Kwun Tong) and residential (Wo Che) areas. 
This is suffice to clear the misconception that urban greenery, as other natural 
vegetation, will take care of itself after planting. On the contrary they need greater 
subsidies to assist growth in the stressful environment, typical examples being 
irrigation to overcome drought and more frequent fertilizer application to replenish the 
nutrients. 
We also learn that many of the growth problems, environmental or nutritional, 
. c a n only be avoided at the planning stage of planting. For instance, matching species 
with site and planters must be done at the drawing board otherwise people will have to 
bear with sub-standard greenery and this will defeat the purpose of landscape planting. 
Similarly, the soil mix must comply with proven specifications otherwise it will result in 
poor growth arising from nutrient deficiency and other undesirable physical properties. , 
It is a futile process to rectify the problems after establishment of the vegetation. High 
tangible and intangible costs as well as great skills will be involved. While a good start 
is half the way done, it is easily forgotten by landscape architects lacking sufficient 
local knowledge and by site construction supervisors. From a holistic point of view, 
therefore, the need for careful planning and quality management is applicable to any 
other places. 
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Management experience of granitic soils has a wider application too. The 
planters under investigation were mostly filled with soils derived from granite, a 
planting medium also used in open space, sitting-out areas and gardens. It is porous, 
well-aerated but deficient in organic matter and nutrients. Soil amendment was carried 
out at the time of planting, however, after decades of use some of the essential 
properties could not be sustained. Despite the difference in management intensity 
between the three sites, all the soils are deficient in SOM, TKN and mineral N (see 
Chapter 4). The problem is partly caused by the nature of the confined environment 
and management needs that litter materials are not returned to the soil, as in natural 
ecosystems. What have mulching and fertilizers done to the soils, at least to those in 
Central District and Kwun Tong? The coarse-textured soil not only enhances rapid 
oxidation of the organic matter in this tropical environment but also facilitates leaching 
of the mineral nutrients, resulting in low SOM and TKN levels. It is thus necessary to 
redefine the critical levels of these parameters in the planter soils and the logical 
solution is to raise SOM from 3%, as suggested in many soil science text books, to 
7.5% (Yeung 1993). Similarly, the critical level ofTKN should also be lifted from 0.2 
to 0.4%. It is easier to accomplish this at the time of soil mix preparation with which 
loamy soil is preferred to sandy loam in the planters. With these redefined guidelines, 
the managerial staff can strive to upkeep the specifications during routine maintenance 
including the use of high quality (i.e. low C:N ratio) organic materials, as discussed in 
Chapter 5. In a nutshell, maintaining the optimal growth conditions of granitic soil is 
not an easy task. There is no reason why experiences gained in the present study could 
not be applied to ordinary urban soils in Hong Kong and the neighbouring cities. 
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6.3 Limitations of the study 
In the present study, in situ sequential coring incubation was employed to 
determine the rates of N and P mineralization, leaching and uptake (Raison et al, 
1987). It is more direct and simpler than the laboratory incubation techniques in which 
pretreatment of the soil, such as sieving, might augment NH4 and NO3 production. 
However, it has its disadvantages. The soil environment during in situ incubation is 
altered through (i) cessation of the carbon input from decomposing litter, and from 
fine-root turnover, (ii) increased carbon inputs from severed roots, (iii) modification of 
the moisture and temperature regimes relative to bulk soil, and (iv) accumulation of 
inorganic N (Adams et al. 1989). Moreover, it is impossible to differentiate 
mineralization between fertilizer and SOM in the in situ incubation of fertilized system. 
In addition, the in situ incubation method involves sampling and analysis of 
paired cores to accommodate the high spatial variability of N and P mineralization. 
This proved very demanding in terms of sample handling and analysis (Anderson and 
Ingram 1989). As the present study was constrained by time, manpower and resources, 
only 20 sampling points were selected in each of the three sites. Chapters 4 and 5 ‘ 
clearly showed that the properties of the planter soils and mineralization rates were 
highly variable within site and between seasons. Indeed, the precision of the results can 
be improved with more intensive sampling. 
In this study, negative values of uptake were recorded throughout the 
incubation period. It may reflect that the production of mineral nitrogen and 
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phosphorus was higher in the T(1) than in the open cores. The negative NH4, NO3 and 
PO4 uptake values had no biological meaning (Nadelhoffer et al. 1984). More 
importantly, it may be caused by fertilization of the planter soils during the incubation 
experiment, resulting in an increase of nutrients. This limitation is difficult to exclude in 
fertilized systems. 
Although vandalism was not a serious problem in the study areas, aluminium 
cores were sometimes vandalized during incubation (see Chapter 5). This problem was 
most serious in Wo Che, where one-fifth of the sampling tubes were vandalized in 
September. This agreed reasonably well with the finding that tree vandalism was most 
serious in Wo Che (see Chapter 3). 
Fertilizers represent the main source of nutrient input to the planter boxes. As 
the exact date and dosage of fertilization were not recorded, its effect on the planter 
soils cannot be quantified. Hence, no correlation between the amount of fertilizers and 
the growth performance of planter greenery can be established. Instead, a qualitative 
analysis between fertilizer input and growth performace was adopted in the thesis. 
The present study adopts a retrospective approach to assess soil properties in . 
the three sites. This is different from the zero-time approach in which soils of the same 
origin are used in all the planters and monitored for changes from the time of planting. 
It is impossible to follow this approach because of constraints in manpower and site 
availability. Moreover, modifications were made to the planters over the years as a 
results of landuse change and underground utilities repair work. From a holistic point 
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of view, the commercial, industrial and residential areas represent the major types of 
landuse in a city. As no two sites are identical, there may be differences in location, 
configuration, and human impact of the planters. The variabilities arising from this and 
from the different management intensity are fully acknowledged in the thesis, so are 
their implications. Anyway, results obtained in this study do give us a picture of the 
planter greenery and planter soils in Hong Kong. Of course, there are many questions 
which remain unanswered. 
6.4 Suggestions for future study 
The use of planters in Hong Kong is becoming popular, which offers an 
excellent opportunity to monitor greenery growth in relation to the surrounding 
environment and to the underground soils. The planter environment is confined with a 
• small volume of soil, and interchange with air and water is limited when compared with 
natural habitats. Future studies should take into consideration this unique characteristic 
of the planter. 
One basic question is: What can be done to optimize the growth of greenery in 
planters? Greenery growth is basically affected by the surrounding environment, the ’ 
soils and management inputs. The effects of pollutants, shade, compaction and 
vandalism on urban tree growth are well documented in the literature. There is no 
reason why they are not applicable to the planter greenery. On the other hand, the 
effects of confined growth environment and small volume of soil are least known. The 
rooting behaviour of species will differ from the natural growing environment. Hence, 
species selection and matching species with specific site conditions are of paramount 
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importance in quality planting. Shallow-rooted, hardy and less nutrient-demanding 
species appear to have a competitive advantage in the planters. What are these species? 
Similarly, research should also be initiated on means to regenerate new roots in the 
planters so as to optimize greenery growth. 
‘ The present study focused on chemical properties of the planter soils. What are 
the physical properties and would they be as heterogeneous as the chemical properties? 
Indeed, water retention and release in a confined environment is least known in the 
literature. Given the porous nature of the planter soils and low organic matter content, 
moisture supply could be a problem particularly in the dry season. Information on this 
will be useful in devising a suitable irrigation regime. 
The bioavailability of N and P in planter soils is as important as in any other 
soils, yet comparatively little is known in the literature. We investigated the seasonal 
fluxes of N and P by use of a black box approach. Owing to constraints in time and 
resources, the factors affecting N and P mineralization were not attempted. These 
include temperature and water potentials of the confined soils. Besides, pollutants and 
acid rain in the industrial area may have additional impact on the mineralization and , 
turnover of nutrients. If this is the case, what remedial measures should be taken to 
optimize nutrient supply in the soils? 
While the planter soils are deficient in organic matter, it is suggested to raise 
the optimal level to 3% to 7.5% so as to increase the effectiveness of fertilizers and to 
improve moisture supply. It is easier said than done, bearing in mind the accumulation 
• 
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of SOM is a delicate and long term process. Research should, therefore, be initiated to 
identify the potential types of organic materials as well as the necessary back-up 
treatments. 
Fertilizer is important to greenery growth, yet the dose is not recorded in the 
three sites. We need to know more precisely the optimal dose, frequency, method of 
application and fate of the applied fertilizers in the confined environment. Similarly, 
.alkalinity development is a potential problem in the planter soils. Are there any 
inexpensive means to remedy this problem? 
It is easier to relate growth problems to the surrounding environment than to 
the soils, as in other urban tree studies. However, we do believe regular analysis of the 
foliar nutrient concentrations will throw light on nutrient use efficiency and deficiency 
symptoms of the greenery. 
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Appendix 3.4 Classification of ground cover vegetation coverage. 
Classes Ground coverage (%) 
. H i g h 76 - 100% 
Medium 51-75% 
Low 26 - 50% 
Poor 0 - 25% 
158 
Appendix 3.5 The record form for the planter greenery survey. 
Record no: Location : Date : 
I. Site conditions 
(I) Position of growth space 
(a) sitting-out area (b) Property side 
(c) Roadside (d) Central divider/traffic island 
(ii) Ground cover 
. (a) Bare (b) grass (c) shrub (d) mulching 
(iii) Planter 
(a) Height: cm (b) Diameter : cm 
II. Tree 
(i) Basic data : (a) Species : 
(b) Height: m (Angle Distance ) 
(c) Girth : cm (d) Crown spread : m 
(ii) Tree performance : 
(a) Trunk erectness 5 4 3 2 1 
(b) Crown development 5 4 3 2 1 
(c) Biotic disorder 5 4 3 2 1 
(d) Growth problems 5 4 3 2 1 
(iii) Growth problems 
(a) Trunk deformed 0 1 
(b) Broken branch 0 1 
• (c) Trunk cracks 0 1 
(d) Tree tie damages 0 1 
(e) Vandal signs 0 1 
(f) Insect, pest & fUngal bodies 0 1 
(g) Artifacts 0 1 
III. Shrub 
(i) Species : 
IV. Ground cover 
(i) Species : 
(ii) Coverage : % Tree sketch 
V. Remarks : 
Source : The record form is modified from Tree Survey Form CVeung 1993). 
159 
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Full and balanced (5) 
Full but not balanced (3) 
Unbalanced (1) 
Biotic disorder 
No biotic disorder (5) 
Minor biotic disorder (3) 
Serious biotic disorder (1) 
Growth problems 
No growth problems (5) 
1 growth problem (3) 
More than 1 growth problem (1) 
160 
Appendix 3.7 General description for the four classes of tree growth performance. 
Class I: Excellent 
Trunk : straight, no loose bark or visual wound 
Structure : no branches dead, broken or missing 
Crown : 90-100% full and balanced 
Class II: Good 
Trunk : minor bark wound 
Structure : 1 major limb is broken or dead 
Crown : 70-89% full or slightly skewed 
Class III: Fair 
Trunk : curved, bark or visual wound, severe inset or pathological problems 
Structure : large dead limbs, large cavities, drastic deformities 
Crown : 50-69% full or imbalance 
Class IV: Poor 
Trunk : major decay, most of the bark missing 
Structure : major limbs dead, broken or missing 
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